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Summary 
H acidity function measurements are reported tor aqueous hydrochloric acid 
solutions using a series of phosphorus-containing acid indicators. The relationship 
between the H_, Hy, and activity (—log,) f-+-C) function for this system was found to be 
given approximately by 


}(H,+H_)~—logio f +Cya- 


\ feature of the results is the weak acidity of concentrated hydrochloric acid solutions 
in respect of the ionization of a negatively charged base, in contrast to the strong acidity 


of such solutions in respect of the ionization of a neutral base. 


[. INTRODUCTION 
The acidity of a system is conventionally expressed in terms of its pH. 
In dilute aqueous solutions the pH can be readily measured with either a glass 
or hydrogen electrode and to a first approximation can be regarded as being 


equal to —log,)aq+, Where aq+ represents the hydrogen ion activity. In more 


concentrated solutions or in non-aqueous media the experimentally measured pH 
loses this simple significance and other means of determining the acidity must be 
adopted. One such approach is that based on the acidity function concept 
introduced by Hammett and Deyrup (1932). 

Indicator acidity functions provide a convenient measure of the effective 
acidity of a system with respect to the ionization of an acid or base occurring 
under non-ideal conditions. The H, function, derived from the Lowry-Bronsted 
concept of the ionization equilibrium associated with the addition of a proton to 
an uncharged base (B), namely, 


BH*2B 4 (1) 
is defined (Hammett 1940) by the relationship 


H,=pKgu+ —logy) Caut/Ca, (2) 


where pAgy+ is the thermodynamic dissociation constant oi the conjugate acid 
(BH*) in aqueous solution, and Cgy+/Cz is the concentration ratio of the acidic 


to the basic species. 
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An analogous function (H_) may be defined for the ionization of an acid 
(HA) which alternatively can be considered in terms of the addition of a proton 
to a negatively charged base (A-), thus 


HAH++A-, (3) 
and 
H_=pK ya, —logyy Cya/Ca-. (4) 


Although the H, function has been the subject of extensive study, there are 
few data available on the corresponding H_ function. <A recent review (Paul 
and Long 1957) listed only two comparisons of the H, and H_ scales and in 
neither instance was the system simple enough to permit a precise interpretation 
of the comparison. 

The purpose of the present paper is to consider some aspects of the relation- 
ship between H, and H_ functions under semi-idealized conditions. Experi- 
mentally determined H_ results for aqueous hydrochloric acid solutions will be 
discussed in the light of these considerations. 


Il. EXPERIMENTAL AND RESULTS 
The indicators used in this study were 2,4-dichlorophenoxymethylphosphonie 
acid (I), ethyl 4-chlorophenoxymethylphosphonate (II), 2,4-dichloropheny]- 
phosphate (III), and di(4-chlorophenyl)phosphate (IV) (see Fig. 1). These 
compounds were of analytical purity (Magnire and Shaw 1953, 1955). 


IIT) (IV 
Fig. 1.—Structural formulae of the H_ indicators used in the present study. 


Solutions of each indicator were made up in various hydrochloric acid 
solutions and the optical density determined at a convenient wavelength in a 
Beckman DU spectrophotometer at 20+1°C. The indicator concentration, 
usually 5x 10-4m, was such that Beer’s law was obeyed. The wavelength was 
chosen to give a large optical density difference between the acidic (HA) and 
basic (A-) species. 
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Fig. 2.—pK, values (20°C) as a function of 1/(Cyoq) for the various indicators 
Lines of slope 0-5 have been drawn through the experimental points 


Indicators: @ I; A IL; + III; IV. 


The apparent dissociation constant expressed in the form of its negative 
logarithm as the pK, was determined from the relationship 
pKqa= —log f +Cua—log [(ena —¢)/( 


co 


e¢—c,-)], (5) 


where ea and ca- are the molar extinction coefficients for the acidic and basi 


species respectively at a selected wavelength (A), 
<¢ is the molar extinction coefficient at the same 
intermediate pH, 


Cyq is the molar concentration of hydrochloric acid, 


wavelength for an 








186 J. N. PHILLIPS 


and f+ the corresponding mean activity coefficient of hydrochloric acid. 
f+ was interpolated from Harned and Owen’s (1943) Tables 11-4-1A and 
14-9-1A, after correcting from the mola] to the molar scale. 

pK, values for each hydrochloric acid concentration were the mean of values 

calculated at four different wavelengths (see Phillips 1958). 

The pK values calculated from equation (5) when plotted against the square 
root of the hydrochloric acid concentration 1/(Cyq) gave a series of essentially 
parallel straight lines for the different indicators with a mean slope of 

0-50-+0-04. Figure 2 illustrates this relationship. A similar relationship 
was observed with a number of other phosphorus-containing acids (Phillips 1958). 
It seems reasonable to assume that the intercepts on the ordinate correspond to 
the p& in infinitely dilute solution, i.e. to the thermodynamic pK° value. The 
values found by drawing lines of slope —0-5 through the experimental points 
and extrapolating them to zero hydrochloric acid concentration were for I, 
1-25; II, O91; TTT, 0-57; and IV, 0-12. 

H_ values were determined for a given hydrochloric acid concentration from 

equation (4) or from the equivalent relationship (6) 


H logo f Cua pk pKa. (6) 


The fact that the different phosphorus acid indicators gave parallel straight line 
plots for pK, v. \/(Cuci) Shows that the H_ function is independent of the indicator 
throughout this series. Since the mean slope of the pKa v. 4/(Cyq) plot was 

-0-5, H_ values tor hydrochloric acid solutions based on these indicators could 
be conveniently calculated from the expression 


H_ -logig f + Cuca —0°54/ (Cyc). (7) 


Figure 3 compares the H_ functions determined from equation (7) for various 
hydrochloric acid concentrations with the H, and logy) f-+Cuo functions. 

Table 1 summarizes H_ values for various hydrochloric acid concentrations 
calculated from equation (7), and compares them with the corresponding H, 
values. 


TABLE | 


A COMPARISON OF H, AND H_ VALUES FOR AQUEOUS HYDROCHLORIC ACID SOLUTIONS 





| 

i H, (25 °C P H,, (25 °C 
HCl Paul and H_ (20 °C) HCl Paul and H_ (20% 

(g-moles/1) Long 1957 (g-moles/I Long 1957 
0-1 0-98 1-26 4-0 1-40 0-11 
0-25 0°55 0-97 5-0 1-76 0-03 
0-50 0-20 0-78 6-0 2°12 0-18 
0-75 0-03 +--+ 67 7:0 2-56 0-33 
1-0 0-20 0-59 8-0 8-00 0-48 
“0 0-69 0-39 9-0 3°39 0-62 
1-05 0-24 10-0 3-68 0-76 
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Fig. 3.—H,, H_, and activity ( logy) @ functions plotted 
against the logarithm of the hydrochloric acid concentratior 
H_ values have been calculated from equatic 4); lues 
have been interpolated from Table 2 (Paul and Long 1957) 
log,, @ values have been equated to log,, f-+-¢ Hc) @nd hay 


been calculated from Harned and Owen’s (1943) Tables 11-4-1A 
and 14-9-1A, after correction from the molal to molar scale. 


tepresents values for }4(H,+-H_). 


IIl. Discussion 
The definitions of H, and H_ given by equations (2) and (4) respectively 
are equivalent to 


Hy log 16 ay+ 7 logi9 faut TBs (8) 
and 
H_= —l0gy9 A+ —logyo fa/fa, (9) 


where f, is the activity coefficient of species «. 
Ideally, acidity function values for a given environment should be dependent 
only on the “ charge type” of the indicator so that according to equations (8) 
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and (9) the ratios fgu+/fg and fs-/f_a should reflect only the electrical contribution 
to the activity coefficient of the ionized species. Such ideal behaviour has been 
demonstrated with a number of H, indicators in concentrated aqueous solutions 
of a variety of strong acids (Paul and Long 1957) and would appear to apply 
here to the series of phosphorus-containing H 
solution. 


indicators in hydrochloric acid 


Since electrical interioniec forces in solution are attractive in nature then 
one would expect both fpu+/fg and fs-/fga to be less than unity. Therefore, 
according to equations (8) and (9) H, should be more acidic and H_ less acidic 
than Since a@q+ can be approximated to the mean activity (f+Cyx) 
of HX one would predict the effective acidity measured by the different functions 
to fall in the order 


10219 A+. 


H, : logio f -Cyx>H 


It will be observed in Figure 3 that the effective acidity is least according 
to the H_ scale, and greatest according to the H, scale with 


logio f+ Cua 
occupying an intermediate position. 


This is in qualitative agreement with 
what has been predicted. 
If both H, and H_ indicators were ideal, then 
fou+/fs=fa-/fua, 
whence it would follow that 
}(H)+H_) —logy (nx logio f +Cux.- (10) 


In fact, as Figure 3 shows, this expression is approximately obeyed. 


Assuming ay+=f+Cyc, then from equations (7) and (9) it follows that 


fa-/fua=90-5+/ (Cua). (11) 


This corresponds closely to the limiting Debye-Huckei relationship (assuming 
fua=1) for a 1:1 electrolyte at 20°C. It is surprising that whilst this expression 
appears to apply over the concentration range 0-1mM to 10M, the Debye-Huckel 
treatment is applicable only to dilute solutions. It may be pointed out, however, 
that one is concerned here with a ratio of activity coefficients 
of two almost identical species differing in charge and that under 
such conditions factors other than charge effects may cancel out. 
Nevertheless the behaviour shown by the phosphorus acid indicators 
is not typical of acidity function indicators in general. Thus with the 
more commonly studied H, indicators one does not obtain a straight 
O line when H,+logf+Cyq is plotted against 4/(Cyq). This 
behaviour could be due to the fact that with the 
indicators studied here the ionizing group is mesomerically insulated 
from the chromophore system whereas with most other acidity 


Fic. 4 , difference in 
classical di- 
polar species 


of un-ionized 





p-nitro- 


aniline. 


function indicators the ionizing group forms part of the chromo- 
phore system. In the former the inductively transmitted ioniza- 


tion effect will have little influence on electron distribution in the 


aromatic region of the molecule whilst in the latter ionization will have a very 


profound effect. 


Thus for example, p-nitroaniline, which is regarded as a 


classical H, indicator, may tend to behave as a partial H indicator due to the 
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suppression of the highly dipolar character of the neutral species (Fig. 4) by 
ionization. Recent experiments with 2,4,6-trinitrophenol (picric acid) as a H_ 
indicator in hydrochloric acid solution’ (Phillips, unpublished data) have revealed 
that this indicator, in which the ionizing phenolic group is part of the aromatic 
system, behaves quite differently from the H_ indicators reported here. 

A striking feature of these results is the great difference between the H, 
and H_ function in concentrated hydrochloric acid solutions, the effective acidity 
of 10N hydrochloric acid being nearly a thousand times greater in respect of the 
ionization of a neutral base than in respect of the ionization of a negatively 
charged base. If other strong acids are assumed to behave similarly to hydro- 
chloric acid in aqueous solution, the H_ function may be approximately caleu- 
lated from equation (10) if the H, and activity functions are both known. The 
H_ value so determined (see Fig. 5, Paul and Long 1957) for 6N perchloric acid 
is —1-05, which may be compared with —-0-18 for 6N hydrochloric acid. The 
corresponding H, values are —2-84 and —2-12 respectively. 

Only two previous comparisons of the H, and H_ scale appear to have been 
made (Bates and Schwarzenbach 1955; Randles and Tedder 1955) and in both 
instances mixed solvent systems were involved. In such media the ionization 
behaviour of the indicator is determined not only by its charge type but by the 
relative affinity of the ionized and un-ionized species for the different solvent 
molecules. In general the un-ionized species tends to be ‘ salted in ”’ by the 
solvent of lower dielectric constant and this leads to an increase in the acidity 
of the H_ scale and a decrease in the acidity of the H, scale. This effect operates 
in the opposite sense to the charge effect described by equations (8) and (9). 
Accordingly no simple interpretation of acidity function behaviour in mixed 
solvent systems is possible. It would appear however from both the previously 
reported comparisons of H, and H_ that in mixed solvent systems the “ salting 
in” effect generally predominates over the charge effect so that H_ indicates a 
comparable or greater acidity than H, does. This is in sharp contrast to the 
position in concentrated aqueous hydrochloric acid solutions where the charge 
effect predominates and where H_ is very much more weakly acidic than Hg. 
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I. THE HYDROLYSIS OF AROMATIC SULPHONYL CHUORIDES IN AQUEOUS DIOXAN 
AND AQUEOUS ACETONE* 


By F. E. JENKINSy and A. N. HAMBLY{ 
[Manuscript received September 30, 1960] 


Summary 
Che hydrolysis of benzene, p-toluene, p-bromobenzene, and p-nitrobenzene 


rs) 


sulphonyl chlorides in 10-60 wt. % water—dioxan and water—acetone has been shown 


to follow an Sy2 mechanism. The reaction does not show acid catalysis or any “ salt ” 
effect. Hammett 's equation does not describe fully the effects of substituents on the 
reaction rate. 

For solutions in which water has the same molarity, aqueous acetone gives lower 
rates than aqueous dioxan when the molarity of water is high but higher rates when 
the molarity of water is low. Change in the water conten’ of the solvent produces only 
small changes in the enthalpy of activation except in solutions of low dielectric constant. 
The reduction in rate as solutions become less aqueous is mainly determined by the 


entropy of activation becoming more strongly negative. 


I. INTRODUCTION 
In a study (Jenkins 1952) of the rates of reaction of aromatic sulphonyl] 
fluorides with hydroxyl ion in buffered, aqueous dioxan, it was found that the 
rates passed through a maximum as the dioxan content of the solution was 
varied. Previous workers have found maxima in the rates of ion-dipole reactions 
in aqueous dioxan (Harned and Ross 1941; Trivich and Verhoek 1943 ; Badin 
and Pacsu 1945; Salmi and Korte 1945 ; Hackett and Thomas 1950 ; De Wolfe 
and Roberts 1953), but there is no definite case of such a maximum for dipole- 
dipole reactions (ef. Salmi and Korte 1940). We decided to study the solvolysis 
of some aromatic sulphonyl chlorides in aqueous dioxan and aqueous acetone 
to provide comparative data to aid the interpretation of the previous results. 
Berger and Olivier (1927) first investigated the solvolysis of benzene, 
p-toluene, and m-nitrobenzene sulphonyl chlorides in acetone—water and ethanol- 
water mixtures at 25°C using an argentometric titration method. Hedlund 
(1940) used a conductimetrie method for similar studies in 55-7 wt. % water- 
acetone and in 0-01N aqueous hydrochloric acid. He reported an inversion 
of the order of substituent effects on the solvolysis rates in the two media. 
Linetskaya and Sapozhnikova (1948, 1952) also used aqueous acetone media 
and made a brief study of the effect of varying the acetone concentration on the 
* This paper is based on the thesis submitted by Mr. F. E. Jenkins for the degree of Doctor 
of Philosophy at the University of Melbourne (1954). 
t Chemistry Department, University of Melbourne. 
t Chemistry Department, University of Melbourne ; present addres Chemistry Department, 
Australian National University, Canberra, A.C.T. 
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rate of solvolysis of 8-naphthalene sulphonyl chloride. The values of Swain and 
Scott (1953a, 1953b) for the hydrolysis of benzene sulphony!] chloride in 55-7 wt. °% 
water—acetone at 24-8 °C are in good agreement with those obtained in the present 
work. Since our study was completed Hall (1956) has also recorded the rate of 
hydrolysis of benzene sulphonyl chloride in aqueous electrolyte solutions and 
has made some suggestions regarding the mechanism of the reaction which differ 
from those that we set out below. 


I]. EXPSRIMENTAI 
(a) Materials 

Benzene sulphonyl chloride was prepared by chlorsulphonation of pure 
benzene and purified by three distillations under reduced pressure with rejection 
of head and tail fractions, b.p. 120 °C/15 mm. 

p-Bromobenzene sulphonyl chloride was prepared by a similar procedure 
and purified by recrystallization from low boiling point light petroleum followed 
by distillation under reduced pressure, b.p. 108 °C/12 mm, m.p. 78-5-79 °C. 

p-Toluene sulphonyl chloride. A commercial sample was purified by 
recrystallization from light petroleum followed by distillation under reduced 
pressure, b.p. 140 °C/12 mm, m.p. 69-69-5 °C. 

p-Nitrobenzene sulphonyl chloride. A sample, kindly donated by Imperial 
Chemical Industries of Australia and New Zealand, was purified by repeated 
crystallization from light petroleum, m.p. 81-82 °C. 

Dioxan was purified by a modification of the method of Hess and Frahme 
(1938). 

Acetone was distilled over potassium permanganate, desiccated with 
potassium carbonate, and fractionated. Salts used were of analytical reagent 
quality and were tested for freedom from chloride ion. 


(b) Method 

The reaction was carried out in glass vessels in a thermostat which gave a 
temperature control to within +-0-01 °C. Samples, initially ¢. 0-02M in sulphonyl 
chloride, were withdrawn periodically, chilled to 0 °C, neutralized with finely 
powdered calcium carbonate, and the chloride ion titrated with 0-05N silver 
nitrate solution by Mohr’s method. For reactions involving a high percentage 
of organic solvent, a small amount of water was added in the chilling process 
so that the medium would be approximately the same in all titrations. In some 
of the very fast reactions, however, a 0-05N solution of silver nitrate in 50% (v/v) 
dioxan—water was used instead of the aqueous solution, in order to reduce further 
the solvolysis during titration. The occurrence of a small amount of reaction in 
the chilled solution provided the major source of error in the determinations. 
For slower reactions the standard deviation of the rate constant in an individual 
experiment averaged 2°, of the value of the constant but it was 3-4 °% in the rapid 
reactions. An estimation of the error in the Arrhenius energy of activation, 
using the method of Livingstone (1953), indicated a deviation of 1-5°% for slow 
reactions and up to 5% for fast reactions. 
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ITl. RESULTS 
The reactions are, as expected, first order with respect to the concentration 
of sulphonyl chloride and the variation with temperature of the rate constants 
both in isocomposition and isodielectric media is described within experimental 
error by the Arrhenius equation. The reaction is sensibly free from salt effects 
or acid catalysis (ef. Hedlund 1940) as shown by the values in Table 1. 


' 


FABLE | 


SOLVOLYSIS OF BENZENE SULPHONYL CHLORIDE WITH ADDED SALT AND ACID 


Medium—dioxan—water, mole fraction dioxan 0-175; temperature 25 °C 
Cone. NaNO, “e- 0-00M 0-103M 0- 206m 0-412m 
102% (min-!) és 1-91 1-89 1-91 1-90 
Cone. HNO, ‘ 0-000M 0-099M 0-198M 0: 396M 
102k (min~) - 1-91 1-97 1-95 1-94 


The mean values of the first order rate constants (min~‘) are shown in 
Table 2, together with the derived values of the Arrhenius energy of activation, 
E,, and the logarithm of the corresponding frequency factor, A (sec!). The 
enthalpy of activation, AH*; standard entropy of activation, AS+; and the 
standard free energy of activation, AG*t, are obtained from equations (1), (2), 


(3), and are checked by equation (4), at 72—298-2 °K. 


AHt=E,—RT, ( 
A=RT/Nh exp (1+AS?/R), ( 
AG? =AH* —TAS?, (3 

k=RT/Nh exp (—AG+*/RT). (4 


IV. DISCUSSION 

(a) Mechanism 
Ingold and Hughes (summary Ingold 1953, Ch. 7) classify nucleophilic 
substitutions into the unimolecular, S,1, type which involves change in covalency 
for only one reactant in the formation of the transition state, and the S,2 type 
which involves covalency changes in two molecules during this process. The 
importance of solvation changes, particularly in reactions where ions are con- 
cerned, is recognized but not specifically included in the formulation of the 
transition state. Winstein and Grunwald (1948, 1951) treat all nucleophilic 
solvolysis reactions as members of a continuous series with the relative importance 
of bond making and bond breaking actions in the transition state depending on 
the nucleophilic character and the ionizing (solvating) power of the solvent 
molecules. The Syl class of Ingold and Hughes would then be treated as a 
limiting case in which the bond breaking process is predominant so that there is 
no change in reaction rate when the nucleophilic activity of the medium is 
changed. Swain and co-workers in a series of papers (see for example, Swain and 
Scott 1953a, 1953b) claim to establish that all nucleophilic substitutions are 
termolecular in nature. In solvolysis the solvent molecules act in a dual capacity, 
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one molecule as attacking nucleophilic agent and another as an electrophilic 
agent facilitating the separation of an anion. The solvent concentration would 
thus enter as a second order term in the overall rate. 

For substitution on atoms which, unlike carbon, are not limited to a maximum 
covalence of four, there is a further possibility. The first stage in solvolysis 
may be the formation of an addition compound of the solvent and reagent 
(Sidgwick 1927; Swain, Esteve, and Jones 1949), with increase in valency of 
the central atom, followed by decomposition of this intermediate in the second 
stage of reaction. The studies of Sommer and Rockett (1951) and of Dostrovsky 
and Halman (1953) do not support this latter hypothesis for nucleophilic sub- 
stitution on silicon or phosphorus. It is possible that sulphur could form a six- 
coordinated, octahedral complex in the nucleophilic substitution actions, in 
which case the rate would be second order with respect to the concentration 
of the nucleophilic agent. 

There is a great acceleration of the liberation of chloride ion in the presence 
of strong nucleophilic reagents such as hydroxide, acetate, and fluoride ions. 
Experiments with added fluoride ion indicate that the initial acceleration is 
proportional to the first power of the fluoride ion concentration. If log (1—n), 
where n is the fraction of sulphonyl halide which has reacted, is plotted against 
time, then for a bimolecular reaction, a doubling of the time scale should initially 
compensate for a doubling of the concentration of the nucleophilic agent. If 
the nucleophilic agent is participating in a termolecular attack, as suggested by 
Swain and Scott (1953a, 1953b), or in the rate-determining formation of a 
compound in which sulphur has sixfold coordination, then initial coincidence 
of the curves will be obtained by a fourfold expansion of the time scale when the 
concentration of nucleophil is doubled. It is seen from Figure 1 that fluoride 
ion is participating in a bimolecular mechanism. If however we consider the 
first order rate constants of Table 2A and Table 2B, where k is defined by 


d[Cl-]/dt=k[RSO,C1], (5) 


these constants will include a term for the dependence on water concentration 
which is constant during a particular experiment. 


d[Cl-]/dt=k’[R.SO,C1][H,O}", (6) 
log k=log k’ +m log [H,O}. (7) 


Plotting log k against log [H,O] shows that the value of m is variable but 
for most reactions it is greater than two in solvents of low water concentration 
and increases gradually as the water content of the solution increases. It is 
only in the hydrolysis of p-nitrobenzene sulphonyl chloride in aqueous acetone 
that the value of m is less than 2. 

Although the fluoride ion shows only a first order contribution to the reaction 
rate this greater than second order dependence on the water concentration 
could indicate a termolecular process in which the dependence on water con- 
centration was second order and the further effects, which contribute to an 
apparent order greater than 2, wouid be due to some other factor which varied 


with water concentration. Sinee the dielectric constant increases with water 
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Fig. 1.—Order of reaction of benzene sulphony] chloride with fluoride ion at 0 °C. 
1, Simultaneous reaction of C,H,.SO,Cl with solvent; 2, reaction with 0-02m sodium 
fluoride ; 3, reaction with 0-04 sodium fluoride, but with time scale doubled ; 4, reaction 


with 0-04m sodium fluoride but with time scale quadrupled. 
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Fig. 2.—Dependence of log (k/[H,0O]*) on dielectric constant of solvent. 
1, p-NO,.C,Hy.SO,Cl in aqueous acetone, 25 °C; 2, p-NO ,.C,H,.SO,Cl in aqueous dioxan, 
25°C; 3, p-CH,.C,H,.SO,Cl in aqueous acetone, 25 °C; 4, C,.H;.SO,Cl in aqueous acetone, 
25°C; 5, p-CH,.C,H,.SO,Cl in aqueous dioxan, 2 
25°C; 


25°C; 6, C,H,SO,Cl in aqueous dioxan, 


7, p-CH,.C,H,.SO,Cl in aqueous acetone, 40°C; 8, p-CH,C,H,SO,Cl in aqueous 
dioxan, 40 °C. 
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concentration and is expected to change the rate of reaction by a function 
dependent on the first power of the ratio (¢—1)/(2e+1), a plot of 
{log k —2 log [H,O]} against (<«—1)/(2e+1) was made. It showed large devia- 
tions from linearity. For all reactions in dioxan solutions and for some reactions 
in acetone solutions the graph of {log k—2 log [H,O]} was found to be linear 
in the first power of the dielectric constant (Fig. 2). The absence of such a 
correlation in some reactions, and the absence of any obvious theoretical reason 
for such a dependence, leads us to regard it as coincidental. The solvent 
participation in the reaction is therefore more complex than the termolecular 
theory of Swain and Scott would imply. 

The evidence available strongly supports an Sy2 mechanism for the reaction : 

(i) Reagents which are more strongly nucleophilic than water cause an 
acceleration of the reaction (Fig. 1). 

(ii) The effect of substituents on the rate p-NO,>p-Br>p-H> p-CH, is 
in the expected order for the creation of a bond with electrons donated 
from water to the sulphur atom, and in the reverse order to that required 
when the rate is controlled by a preliminary separation of a halide ion 
from sulphur. The acceleration by electron attracting, para-sub- 
stituents and retardation by electron releasing substituents becomes less 
pronounced as the water content of the solvent increases (Fig. 7). This 
implies that the bond making between water and sulphur is becoming 
less important compared to the polarization and stretching of the 
sulphur chlorine bond as the polarity of the solvent increases. It is 
in agreement with the suggestion of Winstein and Grunwald that there 
is a continuous modification of the transition state rather than an 
abrupt change of mechanism from Sy2 to Sy1 as the solvent composition 
is altered. 

(iii 


The salt effect on the reaction rate is negligible, whereas the Sy1 type 
of reaction would be accelerated by addition of an electrolyte without 
a common ion and retarded by addition of chlorides (cf. Hedlund 1940). 
The absence of salt effects in the most aqueous media, and in Hedlund’s 
experiments in water as solvent, indicates that the extreme modification 
of the transition state does not involve a strong polarity of the sulphur- 
chlorine linkage. 

In the formally analogous solvolysis of substituted benzoyl chlorides, it 
has been suggested (Archer and Hudson 1950; Gold, Hilton, and Jefferson 1954) 
that the reaction is of the Sy2 type in aqueous acetone of low water content but 
of the “ mixed’? Sy2+Syl type in more aqueous media. We obtained no 
evidence for a change in mechanism over the range of solvent composition that 
was investigated. We agree with Goid, Hilton, and Jefferson (1954) in rejecting 
the criterion of Archer and Hudson (1950) that deviation from a straight line of 
the graph of log k’=log (k/[H,O]) against (¢ —1)/(2<¢+-1), where ¢ is the dielectric 
constant of the solvent, is an indication of change of mechanism. In Figure 3 
our results for solvolysis in aqueous acetone show a linear relationship, followed 
by positive deviations in more aqueous solvents, that is similar to that found 
by Archer and Hudson for the solvolysis of benzoyl chlorides. Our results 
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in aqueous dioxan solutions, which cover a much wider range of (¢—1)/(2¢+1), 
under conditions where an Sy2 mechanism would be definitely favoured do not 
show a linear relationship. 


(b) Effects of Solvent Composition 
The free energy of activation, AG+, calculated for a constant mole fraction 
composition of the solvent, varies monotonically with the dielectric constant 
of the solvent, becoming greater as the dielectric constant decreases. The 
enthalpy of activation, AH?t, remains practically constant until the mole fraction 
of water falls to about 0-6 and then decreases slightly. On the other hand the 
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Fig. 3.—Solvolysis of benzene sulphonyl chloride at 25°C. Variation of 
(2¢+1). 
2, solvent—aqueous 


reaction rate with the dielectric constant function (¢«—1)/(: 
1, Solvent—aqueous acetone (refer to lower scale): 
dioxan (refer to lower scale); 3, solvent—aqueous acetone (refer to upper. 


extended scale). 


entropy of activation AS* becomes increasingly more negative as the water 
content of the solvent decreases and it is this entropy change which controls the 
variation in the rate of reaction as the solvent composition is altered (Tables 
2A,2B). These results are in agreement with the analysis of solvent effects in 
bimolecular, nucleophilic substitution reactions given by Pearson (1952) and 
in opposition to the statement of Ingold (1953, p. 345) that ‘‘ it is a generally 
valid assumption that the energy change will dominate the free energy change ”’ 
for such reactions. 

The negative entropy of formation of the transition complex implies a 
tightly ordered arrangement of solvent molecules (probably water molecules), 
about the sulphonyl chloride. If we make the assumption that the nature of 
this complex remains constant at all solvent compositions, then the entropy 
of the average water molecule in the solvent must be increasing rapidly as the 
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water content falls over the range of solvent composition studiec. The value of 
m in equation (7) increases as the water content of the solution increases, which 
implies that the transition complex does not remain constant but involves a 
greater number of water molecules in the highly aqueous solvents. This would 
mean that the entropy increase for the water molecules in the solvent produced 
by the addition of acetone or dioxan would have to be even greater than that 
needed on the assumption of a constant transition state. The approximate 
constancy of AH* requires a compensation between the energy needed to break up 
ordered structures in the solvent and the energy release in solvation of the critical 
complex. 
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Fig. 4.—Relative influence of dioxan and acetone on hydrolysis of sulphonyl] chlorides 
at 25 °C. 

1, 2 (broken lines), p-toluene sulphonyl chloride ; 3, 4 (full lines), benzene sulphonyl 
chloride ; 5, 6 (full lines), p-nitrobenzene sulphonyl chloride ; © aqueous acetone ; 


aqueous dioxan; —O- data of Hedlund (1940). 
@ aq O ( 


If we plot log & against the molarity of water in the medium (Fig. 4) it 
appears that, initially, acetone is more effective in slowing down the rate of 
reaction than is dioxan but in each case there is a cross over and, in less aqueous 
solvents, the rate in aqueous acetone is greater than in aqueous dioxan with the 
same water concentration. This is due both te the differences of interactions 
between the water and the two diluents and to the fact that dioxan solutions 
have lower dielectric constants than acetone solutions of the same water 
concentration. 

The energies of activation, determined from the alteration of reaction rate 
with temperature at a fixed mole fraction composition of the solvent mixture, 
will include a term due to the change in the dielectric constant when the temper- 
ature is changed. This can be an important term when electrostatic effects 
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make a large contribution to the energy of activation. Svirbely and Warner 
(1935) first advocated the determination of energies of activation for media of 
constant dielectric constant (but variable composition) in which the electrostatic 
contribution to the energy of activation would be constant. If we employ the 
subscripts e for conditions of constant solvent composition and « for conditions 
of constant dielectric constant of the solvent then 


@logk\ (/dlogk\ (dlogk\ (de (8) 
or i}. a oe ( 0 ) (ar ty 
AE, AE, __, (dlogk dc | . (9) 
de \ OT 
T r 
In the present reaction (0 log k/dc), is positive while (d¢/A7). is negative so that 
the energy of activation under conditions of constant dielectric constant will be 
greater than that at constant composition. When the experimental values 
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Fig. 5.— Difference between enthalpy of activation at constant composition, 

AHi and enthalpy of activation at fixed dielectric constant, AHt as a function 

of dielectric constant. Upper section: aqueous dioxan solutions. Lower 

section : aqueous acetone solutions. 

O Benzene sulphonyl chloride ; © p-toluene sulphony] chloride ; @ p-nitro- 
benzene sulphonyl chloride. 


of log k are plotted with respect to the dielectric constant, values of log k can be 
interpolated for fixed values of < at the temperatures used. These give satis- 
factory linear variation of log k, against the reciprocal of the absolute temper- 
ature. For aqueous dioxan solutions the values of AF,, and therefore of 
AHit=AE,—RT, are found to exceed the corresponding values at constant solvent 
composition by 4-5 kcal showing that electrostatic effects are playing a consider- 
able part in the formation of the activated complex (Fig. 5). In the case of 
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dioxan solutions the entropy of activation determined for various fixed values 
of the dielectric constant contains all the variation of ASt. The residual term 
ASt—ASt}, where AS} is found for a Solution which at 25 °C has the same dielectric 
constant as that used in finding Asi, cannot be determined accurately. It 
shows random variation about a value of 15 cal deg! (Fig. 6). On the other 
hand, in acetone solutions where both members of the solvent mixture are strongly 
polar both (AH? AH?) and (Ast AS?) go through a minimum at a dielectric 
constant of about 40 (Figs. 5, 6). It is clear that in these reactions acetone and 
dioxan play different parts in the process of forming the transition complex and 
cannot be regarded merely as inert diluents of water or equivalent modifiers 
of the dielectric constant. 
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Fig. 6.—Difference between entropy of activation at constant composition, 
Asi, and entropy of activation at fixed dielectric constant, Asi, as a function 
of dielectric constant. Upper section: aqueous dioxan solutions. Lower 
section : aqueous acetone solutions. 

Benzene sulphony] chloride ; © p-toluene sulphony] chloride ; @ p-nitro- 


benzene sulphony! chloride. 


(c) Effects of Substituents 
The values of the enthalpy of activation in Tables 2A and 2B indicate that 
electron attracting substituents lower AH? and that this effect becomes more 
marked as the polarity of the solvent is reduced. This is consistent with the 
suggestion made above that the creation of a partial bond between a water 
molecule and sulphur, rather than the polarization and stretching of the sulphur— 
chlorine bond is the controlling process. It is customary to represent the effects 
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of substituents on the rates and equilibria in aromatic reactions in terms of the 
Hammett equation (Hammett 1940) : 


log k,=oo,+log ky, (10) 


in which the subscripts s and 0 refer to the substituted and unsubstituted 
reactants, o, is a constant characteristic of the substituent group, and o is a 
measure of the susceptibility of the reaction to the electron releasing and with- 
drawing characters of the substituent groups. It can be shown that the equation 
should apply to those reaction rates for which AS? does not change with sub- 
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Fig. 7.—Variation of substituent effects on sulphony! chloride hydrolysis with solvent compositicn, 


at 25 °( 

A, -(p- 12-24% water—acetone ; B, -- O - 35-0% water—acetone ; C, —-@- 45:-6% water-— 
acetone ; D, -- 57-7% water—acetone E, —-—@-- 65-4% water—acetone ; F, —Q- 9-65% 
water—dioxan ; G, :. 6 -» 19°4% water—dioxan ; H, -©® 29-29%, water—dioxan ; 


i 
I, --O- 39-1% water—dioxan; J, —-—-@-: 49-1% water—dioxan. 


stituent and to reactions for which AS* varies linearly with AH* when the sub- 
stituent is changed. Although neither of these conditions is exactly fulfilled in 
the hydrolysis of sulphonyl chlorides the variations of AS? with changing 
substituent, for a given solvent composition, are usually small. 

The general reasons for the departure from the behaviour predicted by 
Hammett’s equation have been discussed by Swain and Langsdorf (1951). The 
values of p and o will not be independent quantities since the nature of the 
transition state will vary somewhat with changing substituent. In the nucleo- 
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philic substitution of the sulphonyl chloride group, the electron attracting 
substituents will favour a greater degree of bond formation between water and 
sulphur and a reduced degree of separation of chlorine from sulphur. They will 
thus favour the dominant process which is making o positive and will tend to 
give values of o that are higher than the mean. Electron releasing groups, 
which will give lower rates of reaction than the unsubstituted compound, will 
modify the transition state towards a greater degree of “‘ bond breaking ”’ between 
sulphur and chlorine. These will give values of p which are less than the mean 
value. In such circumstances a plot of log (k,/k)) against o instead of giving a 
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Fig. 8.—Dependence of the reaction constant pe on dielectric constant of solvent 

for hydrolysis of p-bromo- and p-nitrobenzene sulphonyl] chloride. 

1,2, p-Bromobenzene sulphony] chloride in aqueous dioxan at 25 and 40°C; 
25 and 40°C; 


5,6, p-bromobenzene sulphonyl chloride in aqueous acetone at 25 and 40°C; 


3,4, p-nitrobenzene sulphonyl chloride in aqueous dioxan at 


7,8, p-nitrobenzene sulphony! chloride in aqueous acetone at 25 and 40 °C. 


straight line of slope p, will be concave upward (Fig. 7). It is noticeable that 
the curvature of the graph becomes less pronounced in the least polar solvent 
where the electrostatic forces are most favourable to the predominant bond 
making process. The steady fall in the mean value of p as the solvent becomes 
more polar shows that the stretching and polarization of the S—Cl bond is 
becoming relatively more important. This is consistent with the results of 
Hedlund which show that in 0-01M aqueous hydrochloric acid p becomes negative. 
Hedlund’s rate constants in this solvent show an extreme departure from the 
Hammett equation however. 
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Hammett (1937) has suggested that e for a particular reaction should vary 
linearly with the reciprocal of the dielectric constant of the solvent. In the 
solvolysis of p-bromo- and p-nitrobenzene sulphonyl chlorides we find that ¢ 
decreases linearly as the dielectric constant increases (Fig. 8), though this 
behaviour was not observed with p-toluene sulphonyl chloride in the various 
solvent mixtures. For p-toluene sulphonyl chloride the values of log k,/k, 
and of o are relatively small so that we cannot be sure that this difference is real. 
The relationship between po and the dielectric constant may be an indirect one 
since, over the range of solvent compositions employed, the dielectric constant 
varies almost linearly with the molarity of water in the solvent. 
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Summary 

The solvolysis of aromatic sulphonyl chlorides in methanol—acetone and ethanol 
acetone shows only small, irregular effects due to para-substituents because the experi- 
mental temperature range is close to the isokinetic temperature. The modification 
of reaction conditions in S,2 substitutions, so that the isokinetic condition is brought 
into the experimental temperature range, is discussed. 

Rates for methanolysis are lower than those for hydrolysis and are about four times 
the rates for the corresponding ethanolysis reactions. 


I. INTRODUCTION 

It was shown in Part I of this series (Jenkins and Hambly 1961) that the 
reaction of aromatic sulphonyl chlorides with water in various dioxan—water 
and acetone—water solvents was a nucleophilic substitution which was accelerated 
by electron attracting para-substituents and retarded by the corresponding 
electron releasing substituents. The extent of this influence of substituents 
on reaction rate, as reflected in the positive value of the reaction constant o of 
the Hammett equation (Hammett 1940), became smaller as the water content 
of the solvent mixtures was increased. The reaction rates found by Hedlund 
(1940) in aqueous solutions without the addition of organic diluents, indicate a 
negative value of 9 under these conditions. Tommila and Hirsjarvi (1951) 
investigated the ethanolysis of benzene sulphonyl chloride, its para-methyl- 
and para-chloro-derivatives, in the temperature range 0-25 °C. They found 
substituent effects with a positive p but the value was small. An examination of 
their data however indicates that the para-methyl substituent would accelerate 
the substiti ..on reaction at temperatures above 35 °C thus yielding a negative 
value of p. It would appear from these observations that, both in aqueous and 
alcoholic media, a suitable selection of temperature and solvent conditions would 
produce systems in which the effects on reaction rate of substitution in the 
sulphonyl chloride molecule would be very small, and substitution would give no 
indication of the mechanism of reaction. In the present paper we record the 
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data on the solvolysis of p-toluene, benzene, p-bromobenzene, and p-nitro- 
benzene sulphonyl chlorides in 90-9 wt. % methanol—acetone and ethanol— 
acetone, in the temperature range 25-52 °C. 


Il. EXPERIMENTAL 
The sulphonyl chlorides and acetone were from the stock previously described in Part I of 
this series (Jenkins and Hambly 1961). 
Methanol and ethanol were purified by the distillation of the ** absolute * grados from Grignard 
magnesium (Lund and Bjerrum 1931). 


The reactions were started by adding 10 ml of an approximately 0-05 solution of the 
sulphonyl chloride in acetone at the reaction temperature, to 100 ml of the alcohol in a flask 
immersed in the constant temperature bath. This yielded solvents containing a mole fraction 
0-93 of ethanol or 0-95 of methanol. The method of checking the reaction was similar to that 
used in Part [ but the variation in the individual values of the rate constant for a given experiment 
was slightly greater than was obtained with the aqueous media. 


IIl. RESULTS 

The reactions show first order, kinetic behaviour without any acceleration 
due to catalysis by the acid formed in the solvolysis. This confirms the observa- 
tion of Tommila and Hirsjarvi (1951; cf. Goubau 1911). 

The rate constants fit the Arrhenius equation within the experimental error. 
These constants (k sec-') at 25-00, 40-00, and 52-00 °C are set out in Table 1 
together with the derived constants of the Arrhenius equation, log A (sec), 
and FH, (keal), the energy of activation. The standard enthalpy of activation, 


TABLE 1 
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Substituent, R C,H;- | p-CH,.C,H,- p-Br.C,H,- | p-NO,.C,H,- 

Methanol-—acetone | 

ka5 Gg (sec) x 10° wi 8-15 8-78 8-23 17-0 

k49 °g (sec?) x 10° ek 28-2 29-8 29-7 64-2 

ksg oq (sec!) x 105 ss 79:8 80-5 81+7 127-3 

E (keal) .. s« = 16-4 | 15-1 16-4 14-1 

Log A (see~") am im 7°93 7:09 7°96 6-58 

AH? (kcal) wa ; 15-8 14-6 15-8 13-5 

-A\ St (cal deg) a 24-2 | 28-1 24-1 30-4 

AGt (keal) = ae 23-0 | 22-9 23-0 22-6 
eee an : tne anal = ietetaicapbit 
Ethanol-acetone | | 

kas eg (see!) x 10° of 1-83 1-65 2-02 5-60 

k49 2G (see) x 10° 6-08 6-33 7:73 18-7 

k52 eg (see) x 108 io 16-3 | 16-6 19-2 41-7 

E (keal) .. a oot 15-7 16-4 16-0 14-3 

Log A (see)... ol 6-76 7-26 7:04 6-20 

AH? (keal) = nf 15°1 | 15-8 15-4 13-7 

—AS? (cal deg~!) — 29-6 | 27-3 28-3 32-2 

AG? (keal) | 2 
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AH? (keal); standard entropy of activation, AS? (cal deg-'); and standard 
free energy of activation AG+ (keal) were calculated in the usual manner (Glasstone, 
Laidler, and Eyring 1941) for the temperature of 25 °C. 


[V. DISCUSSION 

(a) Solvolysis in Ethanol—Acetone Solution 
The rates of reaction at 25 °C of benzene and p-toluene sulphonyl chlorides 
in 0-93 mole fraction ethanol—acetone are lower than those found by Tommila 
and Hirsjarvi (1951) for reaction with the pure alcohol. The relative reduction 
in rate exceeds the reduction in the molar concentration of the alcohol. This 
shows that the reaction order with respect to alcohol concentration is greater 
than one. The change in the relative rates of ethanolysis of p-toluene sulphonyl 
chloride and benzene sulphonyl chloride, predicted from the data of Tommila 
and Hirsjarvi, is found to occur between 25 and 40°C. At 52 °C, the p-methyl, 
p-bromo, and p-nitro substituents all give acceleration of both ethanolysis and 
methanolysis. 

Leffler (1955) has pointed out that, because many reactions show a linear 
relationship between AH? and AS? for changes in the substituent groups, there 
will be a temperature, which he calls the isokinetic temperature, 7',, at which the 
reaction rate will not be susceptible to change by altering the substituer‘ If 
we have 

AHt=a—BAS}, 
for all substituents s then, when the temperature of reaction, 7, is equal to ? 


AH} —T ASi=a, 


and is constant for all substituents. It follows (Glasstone, Laidler, and Eyring 
1941) that the velocity constant k will be independent of the substituent because 


AG} —AH? —T ASt =a =2-303RT, {log RT,/Nh—log k}. 


In practice, there are minor variations in k due to the failure of strict linearity 
in the ASt, AH? relationship. 

A nucleophilic displacement, such as the solvolysis of a sulphonyl chloride, 
can become insensitive to substituents if the experimental conditions, particularly 
the solvent composition and the nature of the nucleophilic reagent, are adjusted 
so that the processes of bond making between the nucleophilic agent and the 
sulphur atom and the stretching and polarization of the sulphur—chlorine bond 
are brought to a suitable condition of balance. Electron attracting groups will 
displace the transition state to favour the bond making and oppose the bond 
stretching processes. They will cooperate with the solvent factors that favour 
bond making but will reduce the effectiveness of the factors which favour reaction 
by solvating the chlorine atom as it separates. Electron releasing substituents 
will show a similar ambivalence so that, at this condition of a mobile transition 
state, substituent effects will be small. No complete balance is to be expected ; 
in particular the strongest electron attracting and electron releasing substituents 
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will show appreciable deviations from the average reaction rate. Modification 
of the solvolysis medium so that this balanced transition state is attained can be 
regarded as changing the medium in such a way as to bring the isokinetic 
temperature into the experimental temperature range. 

The increase in the water content of aqueous acetone and aqueous dioxan 
mixtures reduces the dominance of the bond making process in the solvolysis 
of sulphonyl halides and the susceptibility of the reaction to effects of para- 
substituents falls. The increased water content opposes bond making by reducing 
the electrostatic attraction between the dipolar reacting molecules. It favours 
the bond breaking process by facilitating the solvation of the chloride ion as it 
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Fig. 1.—Variation of AH* with AS? for solvolysis of sulphonyl chlorides. 
) Results of Tommila and Hirsjarvi (1951) solvent pure ethanol; @ present 
work—solvent 0-93 mole fraction ethanol with acetone ; present work- 
solvent 0-95 mole fraction methanol with acetone. 
The lines have been drawn without regard to values for p-nitrobenzene 
sulphonyl chloride. 


separates. The results of Hedlund (1940) show that in water the bond stretching 
process dominates the transition state (Fig. 2). There should be some inter- 
mediate composition of the aqueous systems at which the reaction rates show no 
regular dependence of the mesomeric and inductive characteristics of para- 
substituents. This condition also seems to apply in our ethanol—acetone medium 
at 25-50 °C. The graph of AH? against AS? is approximately linear (Fig. 1), 
though a better line is obtained if the result for the p-nitro substituent is given 
less weight. This indicates an isokinetic temperature of approximately 50 °C. 
The reaction was shown to be greatly accelerated by ethoxide ion, which is a 
stronger nucleophilic agent than ethanol, so that the mechanism is not of Ingold’s 
(1953) S,1 type. It appears to lie at what could be described as the mid-point of 
the continuous range of transition states postulated by Grunwald and Winstein 
(1948). The marked acceleration by the p-nitro substituent is due to the much 
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lower energy of activation for its solvolysis, and is in accord with the markedly 
different transition state postulated for this powerful electron attracting group. 
The value of o in the Hammétt equation, 
log k,=log ky+.0,, 
calculated for this substituent will be greater than the approximately zero values 
found for the other two substituents. This more positive value of 9 for the 
p-nitro group has been found in all our experimental conditions and also in those 
of Hedlund (Fig. 2). 
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Fig. 2.—Substituent effects in solvolysis of sulphonyl chlorides. 


1. © Solvent 0-86 mole fraction water—acetone (Jenkins and Hambly 


1961); 2. © solvent 0-93 mole fraction ethanol—acetone (present 
work); 3. solvent 0-95 mole fraction methanol—acetone (present 
work) ; 4. @ solvent ethanol (Tommila and Hirsjarvi 1951); 


5. (B solvent 0-01m aqueous HCl (Hedlund 1940). 


(b) Solvolysis in Methanol—Acetone Solutions 

The rates of solvolysis are some 3-5 times faster in methanol—acetone solutions 
than in the ethanol—acetone medium. There is no exclusive control of this rate 
difference by either the enthalpy or entropy of activation. This is a reflection 
of the variability in the transition state that has been discussed above. There 
is an approximately linear reiationship between AH? and AS? indicating an 
isokinetic temperature close to the experimental range (Fig. 1). Substituent 
effects are irregular. The three substituted sulphony] chlorides all react faster 
than the unsubstituted compound but at 25 and 40 °C the p-toluene sulphony! 
chloride also hydrolyses more rapidly than p-bromobenzene sulphonyl] chloride. 
The ratio of the rate constants is always small and for such small effects the usual 
analysis of rate controlling factors is far too crude to be useful. 
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INFRARED ABSORPTION SPECTRA OF SOME HYDROXY 
COMPOUNDS IN THE 3 MICRON REGION 


By J. 8S. Cook* and I. H. REECE{ 
[Manuscript received January 10, 1961] 


Summary 

Infrared absorption spectra are reported in the region 2-6 to 3-5 microns for the 
solid state and for solutions in carbon tetrachloride of 10 sterically hindered hydroxy 
compounds. Absorption types vary from that of 2,4,6-tri-t-butyl phenol, where the 
OH group is completely “free” in both states, to that of 3,5-diaceto-p-cresol where 
the bands are diffuse and are centred about 3-4 microns corresponding to very strong 
hydrogen bonding. Deuteration studies suggest that splitting of the free OH band 
in several cases may arise from azimuthal orientations of the OH group and for tri- 


cyclohexyl carbinol —AH for this equilibrium has been estimated at | keal/g-mole. 


[. INTRODUCTION 

The dielectric properties of some crystalline hydroxy compounds without 
hydrogen bonding have been considered by Meakins (1956) who has attributed 
the absorption to rotation of the OH group about the CO bond between 
equilibrium positions equal in energy. It was thought that a comparison with 
the qualitative features of infrared absorption of these substances in the region 
of 3 microns would furnish positive and direct evidence on the extent of any 
interactions. Spectroscopic measurements have been made therefore on 
2,4,6-tri-t-butyl phenol and tricyclohexy]l carbinol in an effort to further elucidate 
the nature of the hydroxyl groups in the solid state. The scope of this work 
has been widened to include a number of other hydroxylic compounds prepared 
by one of us (J.8.C.).. The series have bulky hydrocarbon residues which modify 
the associative character of the various molecular species. To assist in inter- 
pretation of the solid state spectra, results are recorded for solution measurements 
in carbon tetrachloride. 


IT. EXPERIMENTAL 

Preparation of Materials: All melting points are uncorrected. 

(a) 2,4,6-Tri-t-butyl Phenol.—This was prepared by the alkylation of phenol 
with isobutylene in the presence of sulphuric acid as described by Stillson, 
Sawyers, and Hunt (1945), and purified by crystallization from ethanol, m.p. 
131 °C. 

(b) Tricyclohexyl Carbinol.—This compound was prepared by the reaction of 
ethyl hexahydrobenzoate, cyclohexyl chloride, and sodium in dry ether as 


* Division of Electrotechnology, C.S.I.R.O., University Grounds, Sydney. 
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described by Bartlett and Schneider (1945), and purified by crystallization from 
isopropanol, m.p. 91-92 °C. 

To prepare tricyclohexyl carbinol-OD the substance was heated with dry 
dioxan and heavy water (1:1) at 95 °C for some hours in a sealed glass tube, 
mechanically agitated. Exchange was little better than 50% after two 
successive treatments with heavy water. 

(c) Triphenyl Carbinol.—Triphenyl carbinol was prepared by a standard 
Grignard procedure as described by Bachmann and Hetzner (1947), m.p. 162 °C. 

(d) 2,2,4,4-Tetramethyl Pentanol-3 and 2,2,3,4,4-Pentamethyl Pentanol-3.— 
Hexamethyl acetone, prepared according to Bartlett and Schneider (1945), 
was the starting material for preparing these compounds. In the case of 
2,2,4,4-tetramethyl pentanol-3, the hexamethyl acetone was reduced with lithium 
aluminium hydride and purified by distillation followed by sublimation, 
b.p. 170-172 °C/760 mm, m.p. 50-51 °C. For 2,2,3,4,4-pentamethyl pentanol-3, 
the hexamethyl acetone was treated with methylmagnesium iodide, according to 
the procedure of Conant and Blatt (1929), and purified as above, b.p. 
184-185 °C/760 mm, m.p. 41-42 °C. 

The deuterated (OD) derivatives were prepared by dissolving the alcoho!s 
in ether, adding heavy water, and shaking. The aqueous layer was replaced 
three times with fresh D,O. Finally the ether solution was evaporated and the 
solid was taken up in carbon tetrachloride. The solubility of D,O in ether was 
sufficient to permit exchange to the extent of 80-90°%, conversion. 

(e) Anthrone Pinacol_—Anthrone pinacol was prepared by reduction of 
anthrone with a magnesium/magnesium iodide couple in dry ether as described 
by Gomberg and Bachmann (1927), and purified by recrystallization from 
benzene/ligroin, m.p. 182-184 °C(decomp.). 

(f) Hydro-a-naphthoin.—a-Naphthaldehyde was condensed to «-naphthoin 
by refluxing for several hours in an aqueous alcoholic solution of sodium cyanide. 
The impure product, a viscous oil, was oxidized with pyridine/copper sulphate 
to yield «-naphthil, which crystallized as yellow plates from benzene, m.p. 
189-191 °C. The «-naphthil was reduced to hydro-«-naphthoin by treatment 
with aluminium isopropoxide in isopropanol solution in the usual fashion, and 
purified by crystallization from benzene to yield tiny colourless crystals, m.p. 
182-184 °C. 

(g) 1,1,3,3-Tetraphenyl Propanediol-1,3.—This material was obtained by 
treatment of 8-hydroxy $,2-diphenyl ethyl propionate with three equivalents 
of phenylmagnesium bromide as outlined by Berberianu (1913) and was purified 
by recrystallization from ligroin, m.p. 120 °C. 

(h) Dibenzhydryl 6-Hydroxyglutarate—This was obtained by treatment of 
an ethereal suspension of $-hydroxyglutaric acid with diphenyl diazomethane 
and purified by recrystallization from ligroin, m.p. 111-112 °C. 

(i) 3,5-Diaceto-p-cresol.—3,5-Diaceto-p-cresol was prepared from the reaction 
of p-cresyl methyl ether and acetyl chloride in the presence of aluminium chloride 
as described by Auwers (1909) and purified by crystallization from light petroleum, 
m.p. 83 °C. 
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Spectroscopic Studies.—Most spectra were recorded on a double-beam instru- 
ment utilizing a Perkin Elmer 12C monochromator and fused silica prism. The 
spectral slit-width of 8 cm-! was estimated at 3750 cm~ but this would be 
expected to drop appreciably at lower frequencies despite the use of an automatic 
slit drive. Variable temperature measurements were made on a Perkin Elmer 
single-beam double-pass monochromator with a lithium fluoride prism using a 
spectral slit-width of 4cm-! at 3600cm-!. The sealed quartz cells (1 em) 
were mounted in an insulated cell housing electrically heated. Deuterated 
samples were examined on the same spectrometer. Both instruments were 
calibrated from the rotational bands of water, ammonia, and methane, with 
extrapolation to 2400 cm-! (LiF) by interference patterns (Sleator 1918 ; Oetjen, 
Rao, and Randall 1942). 

Crystalline films were prepared from the melt, solidified between thin glass 
coverslips. Some substances (tricyclohexy! carbinol, hydro-«-naphthoin, 1,1,3,3- 
tetraphenyl propanediol-1,3, and dibenzhydryl §-hydroxyglutarate) readily 
supercooled and were crystallized only with difficulty by warming to a temper- 
ature a little below the melting point. Nujol mulls of most compounds gave 
mixed spectra of solid and solution, and perfluorocarbon mulls caused gross 
scattering. So far as could be determined from comparison of the various kinds 
of sampling (crystalline films and mulls) no polymorphic effects were observed 
that would generate different spectral patterns. Anthrone pinacol decomposed 
on heating and was therefore examined as a mull in perfluorocarbon. No signs 
of solution could be detected on examining in a 1 mm cell a “‘ saturated ” solution. 
Scattering of radiation by samples was compensated by the use of rough-ground 
rock-salt plates and by an iris diaphragm in the reference beam; absorption 
by the coverslips was matched by a similar thickness of the same glass. All 
compounds were *xamined in carbon tetrachloride solution, to the limit of 
solubility. In most cases this was sufficient to observe some association but 
in others the spectra corresponded only to the monomeric bands. Spectra of 
the supercooled films were also obtained. 


Ill. RESULTS 
(a) 2,4,6-Tri-t-butyl Phenol 

2,4,6-Tri-t-butyl phenol has been examined previously (Sears and Kitchen 
1949) under the lower dispersion of a sodium chloride prism. The spectra 
illustrate a most unusual type of compound wherein the hydroxyl group is so 
highly hindered that no association by hydrogen bonding can occur either in 
solution or in the solid state. Examination has been made of solutions up to 
saturation (0-075M) and of crystalline films. In all circumstances very sharp 
absorption occurs at 3649 cm-! only, indicating the hydroxyl to be ideally 
monomeric and ‘ free”. Figure 1 shows the absorption of the crystalline film 
and the solution (0-07M) for comparison of OH and CH stretching bands. The 
sharpness of the hydroxyl] absorption is such that the half intensity band-width as 
recorded was less than 20 cm~-! in the solid. Band contours are much the same 
in both states. 
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(b) Tricyclohexyl Carbinol 
Solutions of tricyclohexyl carbinol (Fig. 2) in carbon tetrachloride 
(0-01-0-9M) show an incompletely resolved doublet with an absorption maximum 
at 3632 em-! and shoulder at 3614 cm~-!. In the more concentrated solutions 
(>0-6M) a broader band centred at 3525 cm~! begins to appear above a general 
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Fig. 1.—2,4,6-Tri-(t-butyl) phenol. 
) 


— Crystalline film ; — solution 0-07mM, 0-2 mm cell. 


background absorption, indicating some kind of interaction of the hydroxy] 
groups. On passing from the supercooled liquid phase to the crystalline state a 
clear sequence of changes was observed (Fig. 3). Initially (liquid phase) there 
were two distinct absorptions: a comparatively broad band centred about 
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concentration ; — solid. 


3500 em-! and the unresolved doublet (now at 3623 and 3610ecm-"). During 
progressive crystallization the 3610 cm-' band gradually disappeared while the 
3623 em! band increased both in sharpness and intensity, with no measurable 
frequency shift. A new absorption at 3473 cm~! of unusual sharpness became 
superimposed on the general absorption of the 3500 em" band. 
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Solution spectra of the free hydroxyl doublet of tricyclohexyl carbinol were 
examined at various temperatures to determine signs of equilibrium arising 
between azimuthal positions of the OH group. Tetrachloroethylene solvent 
was used in preference to carbon tetrachloride because of its higher boiling point, 
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Fig. 3.—A sample of tricyclohexyl carbinol showing the O—H 


stretching absorptions during the transition from the supercooled 
liquid phase (a) to the solid state (d). 


thus allowing a greater temperature range over which spectra could be record 

conveniently. Measurements were made at five points from 21 to 84°C and. 
concentration uf 0-022M was chosen from the foregoing spectra so that no associa- 
tion occurred. It was assumed that the intensities of the doublet bands would be 


a direct reflection of the amount of each isomer present and that the van’t Hoff 
m 
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isochore (log, (A/B)=—AH/RT, where (A/B) is the ratio of the integrated band 
areas) could be applied to calculate AH. Unfortunately, the bands overlapped and 
graphical corrections had to be made. The ratio (A/B) varied with temperature 
from 1-63 at 21 °C to 2-19 at 84 °C and the value of AH obtained was 1-0 kcal/mole 
in comparison with Meakins’ value of 4-0 for the rotational mechanism in the 
solid state. It must be pointed out that broadening of the bands with rising 
temperature increased the difficulty in graphical resolution of the overlapping 
absorptions giving rise to greater uncertainty of measurement. Furthermore, 
both bands must also be positively assigned as hydroxyl bands or the estimation 
‘ would be fallacious, since temperature variation in the band areas and peak 
heights would still be expected to occur if one part of the doublet arose from any 
other vibrational mode such as an overtone or combination band. 


Examination of the partially. deuterated compound in the solid state showed 
clearly that the band pattern 3400-3650 cm~ diminished equally in intensity 
while an identical pattern arose in the region 2500-2750 cm~—', exhibiting the 
same curious phase changes as illustrated in Figure 3. There was masking of the 
weaker, higher frequency bands around 2669 cm-! due to the presence of an 
overtone or combination band, present also in the original tricyclohexyl 
carbinol-OH. The new solid absorption bands occurred at 2564 and 2669 cm-}, 
In the supercooled state two bands only were observed, the broader association 
band centred at 2590 cm-1, and a sharper one of slightly greater absorbance 
having a peak at 2662 cm—! with a shoulder at 2674 cm-!. Presumably 2662 em-! 
was the overtone or combination band and 2674 cm-! was a component of the 
OD stretch ; otherwise there was no sign of a doublet corresponding to 3623 and 
3610 cm! of OH in the supercooled state. Attempts to observe a doublet for the 
OD group monomer (in CCl,) were unsuccessful, again due to the overlapping 
combination or overtone band. Correction was made for the presence of tri- 
cyclohexyl carbinol-OH in its deuterate. 


(ec) Triphenyl Carbinol 

Triphenyl carbinol has been re-examined for comparison with the previous 
substance because of the smaller steric effects to be expected on association. 
Fox and Martin (1937) found that in CCl, solution (0-05mM) two bands appeared 
at 2-76 w (3611 cm-) and 2-87 w (3490 cm-') corresponding to the “ free’ and 
** associated ’? molecules, respectively. These measurements have been repeated 
over the concentration range 0-0057-0-109M (saturated) and they confirm the 
previcus findings. Our solution 0-109M shows only a little more association 
than that of Fox and Martin at 0-05m. The crystalline material (Fig. 4) gives 
a single broadened absorption centred at 3474 cm-! which has sensibly sharp 
symmetrical structure but is much broader than the solution peak. 


(d) 2,2,4,4-T'etramethyl Pentanol-3 and 2,2,3,4,4-Pentamethyl Pentanol-3 

In dilute solution (0-015M) 2,2,4,4-tetramethyl pentanol-3 (Fig. 5) shows 
no signs of association but there are two centres of absorption on the sharp 
monomer peak, 3652 cm! and 3625 cm~!, the latter is the weaker. On association 
a band arises at 3520 em~! comparable with the solid value of 3510 cm-. The 
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solid absorption is well defined and strong and the band-width is very much 
greater than for 2,2,3,4,4-pentamethyl pentanol-3 with which it can well be 
compared. There is also a definite weaker feature in the crystalline film at 
3620 cm-!. The deuterated (OD) substance was examined in solution and 
showed a similar pattern to the solutions in Figure 5 with the addition of a weak 
band at 2634 cm-', the intensity of which appeared to be independent of con- 
centration. The free OD absorbed at 2690 and 2670 cm} so that the ratio of 
hydroxyl frequencies was 1-36 for both components of the monomer doublet. 
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Fig. 4.—Triphenyl carbinol. 
—— Crystalline film. 


The “ free” hydroxyl] of 2,2,3,4,4-pentamethyl pentanol-3 (Fig. 6) absorbs 
at 3632 cm-! in dilute solution in CCl, (<0-005m). On increasing the con- 
centration an association band appears at 3525cem-". The crystallized film 
shows a distinct absorption with a centre at 3514 cm-! but having well-developed 
shoulders at 3550 and 3480 cm-!. This may well be the result of one broad and 
one sharp absorption superimposed but both centred about 3514 cm-!. This 
could perhaps suggest two azimuthal positions of the OH group. It would appear 
that in the solid all OH groups are involved in weak intermolecular bonding 
although the structure of the crystalline band suggests there may be differences 
between the hydroxyl throughout the crystal. The deuterate (OD) gave a single 
monomer band in solution, at 2677 em-! and hence an isotopic frequency ratio 
of 1-36 also. 


(e) Anthrone Pinacol 

The monomer of anthrone pinacol (Fig. 7) gives a sharp peak at 3592 em- 
in CCl, solution; at saturation (0-0116M) there is only the slightest sign of 
association as indicated by the appearance of a weak band at 3430 cm-1. The 
solid (perfluorocarbon mull) gives a sharp absorption at 3535 em-! and a much 
broader one at 3317 cm-! arising from intermolecular interaction. The latter 
has a shoulder at 3365 em-!. In the soiid, the band at 3535 em-! is much weaker 
than the broad absorption at 3317 cm-! which has completely disappeared in 
solution except perhaps for a small persistent component at 3328 cm-! that is 
independent of concentration and is probably an overtone or combination band. 
The results suggest that in solution there is no intramolecular bonding but a 
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small amount of intermolecular bonding may occur: in the solid state some 
hydroxyl groups are comparatively “ free’’ while the remainder (perhaps an 
equal number) are bonded in either inter- or intramolecular arrangement. There 


appears to be no coupling between the two v(OH) modes in the monomer. 
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Fig. 5.—2,2,4,4-Tetramethyl pentanol-3. 
—— Crystalline film; ---- 0-007mM, 2.cm cell; —-— 1-08m, 
0-1 mm cell; -—--—— sat. solution, 0-1 mm cell: —--—— 0-0lmM, 


CH only, 0-5 cm cell. 


(f) Hydro-«-naphthoin 
The crystalline film of hydro-«-naphthoin (Fig. 8) shows two distinct peaks 
at 3522 and 3462 cm-! as well as some overtone or combination bands near 
3900 em-!. No association was detected in a saturated solution (0-:001M) and 
only the doublet peak at 3619 and 3593 cm-! was seen. This would suggest one 
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Fig. 6.—2,2,3,4,4-Pentamethyl pentanol-3. 
—— Crystalline film ; —-—-—-— strong solution c. 4m, 0-1 mm 
cell; -—--— solution 0-04m, 1mm cell; ---+- dil. solution 
<0-005m, 0-5 cm cell. 


“free”? and one intramolecularly bonded hydroxyl and the system may be 
compared with that of catechol (Davies 1938) where in CCI, solution the two 
bands appeared at 2-768 uw (3612 em-!) and 2-802 u (3569 em-*) for the “ free ” 
(trans-form) and bonded (cis-form) hydroxyl groups respectively. The very 
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slight interaction involved in hydro-«-naphthoin is indicated by the frequency 
difference 3619 —3593 =26 cm-', unless such a result should arise from some other 
factor such as coupled OH oscillaters. 
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Fig. 7.—Anthrone pinacol. 
— — Solid state anthrone pinacol; solution spectra between 
3300-3700 em-! only: ---+ 0-003mM, 2cm cell; -—— 0-0116m, 


0-5em cell. 


The supercooled film gives a different spectrum. The higher frequency band 
appears at 3547 cm-! overlapping the main broad absorption centred about 
3420 em-! which probably arises from intermolecularly bonded OH. Another 
quite distinctive feature in the supercooled film is the marked blurring of the 
CH absorptions. 
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Fig. 8.—Hydro-«-naphthoin. 
—— Solid film; ---— supercooled film; --+-- monomeric 
OH 0-001m, 2 cm cell; —-— sat. solution CH region, 1 cm cell. 


(g) Dibenzyhdryl 8-Hydroaxyglutarate 
A sample of dibenzhydryl 8-hydroxyglutarate (Fig. 9) was examined firstly 
as a supercooled film and later in the solid. Both samples gave broad bands 
showing hydrogen bonding, the maxima being at 3454 em~ (solid) and 3522 em-* 
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(supercooled meit). The half intensity band widths are almost identical while 
the absorption area is slightly greater for the solid. In dilute solution (0-008m) 
one very broad and rounded band was observed, centred at 3550cem-. On 
increasing the concentration no new bands appear but the single band progres- 
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Fig. 9.—Dibenzhydryl @-hydroxyglutarate. 
—— Solid film; --—-— supercooled film; — + — solution 
0-008m, 5mm cell; +++ solution 0-038m, 1 mm cell. 


sively widens out on the low frequency side. For the monomer the absorption is 
consistent with a well-defined intramolecular bond, which, judging from the 
frequency is not very strong. Association appears to proceed by increasing 
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Fig. 10.—1,1,3,3-Tetraphenyl propanediol-1,3. 
—— Solid ; —--—- supercooled film; ---- 0-:008M, 2 cm cell ; 


— + — 0-126m, 0-1 em cell. 


degrees of intermolecular bonding, as indicated by the greater degree of tailing-off 
of the absorption, accompanied by a gradual drop in the peak frequency. One 
interesting feature is the “ smearing out ” of the aliphatic C-H peaks with phase 
changes. 
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(h) 1,1,3,3-Tetraphenyl Propanediol-1,3 

The same sample of 1,1,3,3-tetraphenyl propanediol-1,3 (Fig. 10) was 
observed in both crystalline and supercooled states. The crystal has one main 
broad hydroxyl band about 3300 cm-', the centre being ill defined, and a shoulder 
at 3500 cm-! which is weak but well defined becoming more prominent and 
stronger in the supercooled film where it absorbs at 3525em-!. The bands 
2962 and 2924 cm~ in the crystal appear at 2974 and 2933 cm-! respectively in 
the supercooled phase, with broadening and marked reversal of the relative band 
intensities. The aromatic CH stretchings were little changed except for the 
appearance of shoulders on the two main bands 3062 and 3030 em- in the solid. 
Solution spectra were similar in band shape to the supercooled film. In a 
0-008M solution there would appear to be a monomer doublet at 3596 and 
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Fig. 11.—3,5-Diaceto-p-cresol. 
—— Solid film; --—- solution carbon tetrachloride. 


3579 cm-! with a somewhat stronger and broader absorption band at 3493 em-'. 
At 0-126m the same features are still recognized but the 3493 em-! band has 
apparently shifted a few wave numbers to about 3480 cm- and is more diffuse 
as it is merged into a much broader absorption located about 3380 cm" and the 
doublet absorption has altered slightly to 3596 and 3575 cm-'. It is certain 
that the 3380 cm-! band arises from an intermolecular interaction since this has 
almost disappeared when the concentration has been reduced to 0-032M. Probably 
the feature 3493 cm-" is an intramolecularly bonded OH ; the splitting of 3596 
and 3575 cm~! might be either alternative azimuthal positions of virtually free 
hydroxyl groups or a very weak intramolecular bond as in hydro-«-naphthoin. 
In this case there is less likelihood of a coupling effect than for hydro-«-naphthoin. 


(i) 3,5-Diaceto-p-cresol 
3,5-Diaceto-p-cresol has been examined in the region 2-5 to 4 microns using 
double-pass single-beam opties (Fig. 11). Absorption for both solid and solution 
was very general but centred around 2950 cm-! with numerous features super- 
imposed upon it; under no condition was there any trace of free hydroxyl. 
No attempt has been made to assign the small bands that are mainly due to CH 
absorptions as these are complicated by overlapping bands and the presence 
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of different methyl groups p-CH,— and CH,—C=QO. Over the phase 
| 


change slightly different peak values were obtained but the overall pattern did 
not alter. Hydrogen bonding in this case is particularly strong and is intra- 
molecular. 
IV. DIscussIoNn 
The compounds 2,4,6-tri-t-butyl phenol and tricyclohexyl carbinol show 
distinctly different properties in relation to their respective OH stretching 
frequencies. The phenolic hydroxyl appears to be so effectively hindered by 


TABLE | 
BAND FREQUENCIES (cM~?) 


























| | 
Compound Solid ae arpa Solution 
| Liquid 
2,4,6-Tri-t-buty] 3649 | | 3649 (0-07m) 
phenol 
| 3092 3090 
| 3002 3002 sh 
2960 2960 
| 2934 sh 
| 2912 | 2910 
2874 2872 
Tricyclohexy] | 3632 }atonomer 
carbinol-OH | 3614 {~ 
| 3623 | 3623 
mond 
| 3500 3525 Associated 
3473 
| 3430 
3263 
3165 
| 2960 sh 
2922 2932 
2850 2853 
| 2658* 2665* 
| | | 2657 } 
Tricyclohexyl | 2669 } | 2674 ; | 2675 } sealed 
earbinol-OD 2660*sh | 2662*sh 2665* 5 
| 2564 2590 
| 
Tripheny] | 3474 
earbinol 
3100 sh 
| 3082 
| 3061 


| 3032 
3026 


* Combination or overtone, 
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TABLE 1 (Continued) 














, >| Super od ‘ 
Compound Solid | = —e Solution 
Liquid 
2,2,4,4-Tetramethy] 3680 
pentanol-3-OH 3652 
3620 | 3625 Monomer 
| 
3510 | | 3522 (1-08m) : 
3515 (sat. mann Paso a 
| | | 
| | | 
| 2983 | 2983 sh 
| 2955 | 2958 
| 2912sh | 2913 
| 9870 | | 2870 
| | 2844 sh 
2,2,4,4-Tetramethy] | | 2690 
_ ia Monomer 
pentanol-3-OD 2670 
2634+ 
| 2610 Associated 
2,2,3,4,4-Pentamethy] | 3632 Monomer 
pentanol-3-OH | 3550 sh 
| 3514 | 3525 Associated 


8480 sh 
3005 sh 
2970 


2918 


| 2880 


2,2,3,4,4-Pentamethyl] 
pentanol-3-OD 








3005 s 
2984 
2962 

| 2920 
2878 


2712 


2712 
2677 


2595 


Monomer 
Associated 





Anthrone pinacol 


3365 
3317 


sh 


} 
| 3068 
| 


3030 


} 
|} 2921 


2844 





3592 Monomer 


3430 Associated 


3328 
| 3165 
| 3105s 
| 3073 
| 3065 ¢ 
| 3036 sh 

| 3030 } 
| 2948 


| 2927 
| 
| 2916sh 


2883 





+ Probably combination or 


overtone, absent in —OH compound. 
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TABLE | (Continued) 
Compound Solid “Son Solution 
Hydro-g-naphthoin 3619 }atonomer 
3593 sh f{- 
3547 
3522 
3462 
3420 
3085 3093 sh 3094 sh 
3055 sh 3061 sh 3065 sh 
3047 } 3049 } 3052 \ 
3011 3015 3015 
2970 sh 
2950 
2921 2920 2928 
2890 
2850 
Dibenzhydryl 3550 Monomer 
6-hydroxyglutarate 3522 
3454 
3150 
3111 sh 3110 sh 3108 sh 
3091 3090 3090 
3067 3065 3067 
3035 3035 3035 
3011 
2987 2985 2975 
2940 2933 2935 
1,1,3,3-Tetraphenyl 3596 
. ae Monomer 
propanediol-1,3 3579 
— Associated 
3575 
3525 
3500 3493 Monomer 
3480 
3400 3380 
3300 
3170 3180 3166 
3111 3109 3108 sh 
3094 3090 3089 
3068 sh 
3062 3063 3063 
3040 sh 
3030 3030 3030 
3012 3007 
2962 2974 2968 
2924 2933 2931 
2860 2855 2860 
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TABLE 1 (Continued) 








Supercooled 








Compound | Solid Liquid Solution 
3,5-Diaceto- 3312 3333 
p-cresol 3235 3233 
3110 
3063 
3010 2998 
2983 
2965 
2939 
2916 2918 
2870 2856 
2715 2726 
2665 
2555 2570 
2485 | 2515 











t-butyl groups that no intermolecular interaction is possible either in the solid 
or in solutions in CCl, up to saturation. This is in keeping with the results of 
Sears and Kitchen (1949) on other 2,6-di-t-butyl phenols. The alcohol, on the 
other hand, is not so well protected. One might suggest, on the evidence of 
Smith and Creitz (1951) and in the presence of the bulky cyclohexyl residues, 
the formation of dimers in solutions of appreciable concentration and in the 
supercooled melt. The bands 3525 em-? (solution) and 3500 em-! (supercooled 
film) could be interpreted on this basis. Molecular models, too, indicate that 
association could not occur beyond a dimeric species. 

Deuteration studies show that in the solid state both bands 3623 and 
3473 cm-! are replaced by an equivalent pair at 2669 and 2654cm-!. The 
frequency ratios on isotopic substitution are 1-36 and 1-35 respectively for the 
higher and lower bands, being positive evidence that both absorptions are 
hydroxylic in origin and that the vibrations have a high degree of isolation from 
the remainder of the molecule. Thus the question of an alternative assignment 
such as an overtone or combination of CH, or OH and CH together, does not 
arise (Lord and Miller 1956). Possibly in the crystalline state molecules are also 
arranged in the form of single bridge dimers (3473 em-") while there is still one 
** free ’? proton (3623 cm-—'), the dielectric properties of which were measured by 
Meakins. The orientation factor would be most significant as indicated by the 
sharpness of both bands and possibly may be reflected in the slow rate of crystal- 
lization from both the fused and the supercooled states. 

Unfortunately, no distinct —OD monomer doublet could be observed for 
comparison with OH, as this would have been good evidence for azimuthal 
hydroxyl groups. Evidence of this isomerism is the fact that no absorption 
bands other than hydroxyl were observed in the region (3000-3700 em-*) either 
in the supercooled or solid states and the appearance of an extra band in solution 
arising from any other cause and forming the doublet would be most unlikely, 
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particularly on consideration of its intensity, that is, one-third the area of the 
stronger component of the free OH band. Further, the variation of band 
intensities with temperature gives a value of AH that is quite acceptable for this 
type of mechanism. It appears, therefore, that the hydroxyl group of tricyclo- 
hexyl carbinol exists in various orientations both in the solid state and in solution. 

The manner of association of tricyclohexyl carbinol and triphenyl carbinol 
would appear to be similar on comparison of the band frequencies. However, 
in the solid state, where presumably a dimer type of structure exists (because 
models indicate this to be the limit of association and because there is only a 
small frequency shift from the solution association band to the solid peak), the 
smaller bulk of the phenyl groups may allow both hydroxyls to interact, perhaps 
in a bifurcated way, giving rise to the single, fairly sharp absorption centred at 
3474 cm-!, whereas the more bulky cyclohexyl groups allow space for only a 
single interaction to occur with the exclusion of the second hydroxyl which is 
left ‘‘ free” and absorbs at 3623 em-1. An alternative possibility to the rather 
unlikely bifurcated structure is that there may be only a single hydrogen bridge 
while the second proton is forced away from it into the fields of the z-electrons. 
In this case there would be two different types of hydrogen bond, both giving 
rise to absorption at about the same frequency. Anet and Bavin (1956) record 
monomer frequencies (in CS,) as low as 3545 em~—! for this kind of interaction so 
that a further drop to about 3473 em- in the solid state may not be unduly 
excessive for this structure. 

Quite remarkable differences are to be observed between the spectra of 
2,2,4,4-tetramethyl pentanol-3 and 2,2,3,4,4-pentamethyl pentanol-3 both in 
the solid and in solution. From examination of Courtauld molecular models the 
introduction of the methyl group at position “ 3°’ increases the degree of steric 
hindrance of the hydroxyl group changing from a situation where free rotation 
ean occur to one where there are moderate restrictions. One could, therefore, 
envisage a single band for the tetramethyl and a doublet arising from azimuthal 
orientations for the pentamethyl compound but, experimentally, the reverse is 
found. Both substances were deuterated in order to be certain that the splitting 
did not occur from some other cause such as an overtone or combination vibration. 
Exactly the same spectral patterns were observed for the deuterates as for the 
starting materials with frequency ratios of 1-36 for each corresponding band. 
The observed absorptions were, therefore, assumed to be totally hydroxylic in 
origin. 

Despite this apparent anomaly the manner of self association is as would be 
expected from the models. While the peak centres of the absorptions are similar, 
the band shapes are considerably different both in the solid and in solution, 
being much broader for the less hindered molecule. An interesting comparison 
of monomer frequencies is with 2,2,4,4-tetramethyl-3-t-butyl pentanol-3 (tri-t- 
butyl carbinol) as 3628 cm-! (in CS,) by Anet and Bavin (1956) comparable with 
our value of 3632 cm for 2,2,3,4,4-pentamethyl pentanol-3 (in CCl,). 

Anthrone pinacol, hydro-«-naphthoin, and 1,1,3,3-tetrapheny] propanediol-1,3 
constitute a series of dihydroxy compounds in which the OH groups have 
decreasing steric restrictions imposed upon them in the isolated molecules. This 
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gradation is shown in spectra as well as on models. For anthrone pinacol the 
hydroxyls would appear to project outwards from the general plane of the ring 
system, each in opposite directions, so that no intramolecular interaction may 
occur. Hydro-a-naphthoin shows weak interaction and the effect in 1,1,3,3- 
tetraphenyl propanediol-1,3 is stronger. 

In the liquid phase hydro-«-naphthoin (supercooled melt) and 1,1,3,3- 
tetraphenyl propanediol-1,3 (supercooled melt and solution) have extremely 
broad absorptions indicating contributions from a wide variety of associated 
species. In the solid, constraint of the crystal field on the more hindered 
hydro-«-naphthoin results in a shift to higher frequency with a lessening of 
intermolecular binding; in the more flexible molecule 1,1,3,3-tetraphenyl 
propanediol-1,3 the direction of the shift is reversed and the absorption is still 
broad. Anthrone pinacol, with two separated and free hydroxyl groups in the 
monomer, is capable of forming strong intermolecular bonds in the solid (slight 
association is seen even at 0-0116M in a saturated solution) with a conspicuous 
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Fig. 12.—Possible structure of anthrone pinacol. The broken 
lines indicate the planes of the aromatic rings. 


degree of monomeric character. Possibly this could be brought about through 
steric restrictions, as shown diagrammatically in Figure 12. Here the rectangles 
represent the bulk of the aromatic rings which lie approximately edge to edge in a 
plane perpendicular to the plane of the paper and parallel to the longer side of the 
rectangle. 

Polymer chains could form but with each link there is left a relatively 
‘“* free ’’ OH group, itself possibly affected by the proximity of the neighbouring 
m-electrons. The low frequency of the monomer compared with tertiary alcohols 
may possibly arise from interaction with the aromatic rings. This effect has 
been illustrated by Anet and Bavin (1956) for some more highly hindered alcohols 
giving frequencies near 3550 cm~-! so that the value of 3592 cm~-! in this case 
may indicate the degree of interaction. Compounds with which it might be 
compared are benzyl alcohol (3618 cm-'!), diphenyl carbinol (3616 cm-'), and 
triphenyl carbinol (3611 em-!; Fox and Martin 1937), wherein the effect of the 
aromatic rings in lowering the frequency is small. Only with strongly polar 
groups attached to the ring in some phenols (e.g. p-nitrophenol) does the value 
fall near 3592 em-! (see Goulden’s (1954) Table 2). 

Dibenzhydryl 8-hydroxyglutarate and 3,5-diaceto-p-cresol might be expected 
at first sight to give similar spectra. Both are internally bonded in the monomer, 
but the extent of this occurrence is vastly different. The cresol is a more rigid 








228 J. 8. COOK AND I. H. REECE 


molecule and the location of the diaceto-substituents (ortho-) would allow charge 
redistribution (via the aromatic ring) favouring strong hydrogen bonding. The 
same effects cannot occur in the glutarate hence the intramolecular bonding is 
weaker and the associative bonding is much stronger. 
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A POLAROGRAPHIC INVESTIGATION OF PERINAPHTHENONE 
By THE LATE P. BECKMANN* 
[Manuscript received November 3, 1960] 


Summary 
The polarographic reduction of perinaphthenone and of some of its derivatives 
has been investigated. It was found that these compounds are reduced in two one- 
electron steps. The adsorptive behaviour of the intermediate reduction product, the 
free radical, is compared with that of the fully reduced form and the decomposition 
rate of the free radical estimated. 


I. INTRODUCTION 

Perinaphthenone (I) and the industrially important benzanthrone (II) 
form part of a small but interesting group of so-called semiaromatic ketones, 
compounds which show many unexpected features in their chemical reactivity. 
Perinaphthenone, the first member of this group, contains three six-membered 
homocyclic carbon rings in the most condensed arrangement feasible; the 
uneven number of carbon atoms in its structure excludes the possibility of a 
classical aromatic arrangement. The hydrocarbon itself, therefore, is not very 
stable and shows many reactions of a compound containing an active methylene 
group. The derived ketone, on the other hand, is very stable and is frequently 
formed under conditions and from starting materials where a higher hydrogenated 
product would be expected; in the course of such reactions a spontaneous 
‘“ aromatization ” process takes place, indicating the great stability of the end 
product formed. 

Perinaphthenone and benzanthrone have many features in common ; 
however, the behaviour of perinaphthenone is more characteristic for this group 
of compounds, since its properties are in no way modified by the presence of an 
additional ‘ benzo ”-grouping and hence preserves unperturbed the characteristic 
centric symmetry of this peculiar three-ring system. It was noticed already by 
the early workers in the field that the ketonic properties of perinaphthenone 
are modified in various ways ; thus, the normal ketonic reactions of replacing the 
carbonyl oxygen by other groupings are considerably impeded and, furthermore, 
it shows a greatly increased basicity, as well as a remarkable ease to undergo 
reduction under a variety of conditions. In this reaction, as well as in its 
behaviour with metallo-organic compounds, it shows features which, to some 
extent, resemble those of quinones on the one hand and of «$-unsaturated 
ketones on the other. The marked basicity of perinaphthenone is commonly 
explained by the assumption that its oxonium ion (ITI) forms a resonance hybrid 


* This paper has been compiled by Professor B. Breyer and Dr. H. Silberman from the notes 
of Peter Beckmann who died in February 1958. 
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with the fully conjugated carbonium ion (IV) which, on theoretical grounds, 
should possess great stability. The same should be true for the first reduction 
product, representing a free radical (V) with the odd electron placed on the 
central carbon atom. 

For all these reasons, it seemed of considerable interest to study the reduci- 
bility of perinaphthenone by means of polarography; the results of this 
investigation are reported in this paper. 


(II) (i!) (IV) 
; () OH 
Ay 
(VI) (Vv) 


II, EXPERIMENTAL 
A manual polarograph was used. The capillary characteristics were : 
m=2-24 mg/sec, t=3-+32 sec (Briton-Robinson buffer pH7 in 50% ethanol, 
at —0-7 V v. the S.C.E.); mercury head: 40cm. 
The perinaphthenone and its derivatives were prepared by Dr. H. Silberman, 
Department of Pharmacology, University of Sydney. The other chemicals 
were all commercial preparations, purified by recrystallization. 


III. RESULTS AND DISCUSSION 

The polarography of perinaphthenone was carried out in Briton-Robinson 
buffers to which an equal volume of ethanol was added ; the pH of the solutions 
was adjusted by addition of 0-2N NaOH. 

The polarograms obtained (Fig. 1) show two main steps of equal height ; 
the first had a reversible shape (log-plot 60 mV), the second an irreversible one. 
In acid solutions a small adsorption step appears between them, whilst in the 
alkaline pH-range the second step shows an adsorption post-step. Variation in 
the height of the mercury vessel proved that the two main steps are diffusion 
controlled. The adsorption steps exhibited the characteristics first described 
by Brditka (1942) for this type of step, that is, on dilution their height remained 
constant and decreased only in the highest dilution range, after the main steps 
had disappeared. The half-step potentials are shown in Table 1. 
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The diffusion coefficient of perinaphthenone was obtained from conductance 
measurements of the perinaphthenone carboxylate ion; it was found to be 
2-67 x10-" cm?/sec. Inserting this value into the Ilkovié equation proved 
that each step corresponds to a one-electron process, the values for n ranging 
between 1-0 and 1-2. 


HA ab 








LZ Z 


-O°4 -O°'6 -O'8 -1-0 -1°2 -1*4 -1°56 <1-8 





Fig. 1.—Polarograms of perinaphthenone (approx. 0-002m) 
carried out in 50% EtOH-H,O at pH 2-3-12. 


Thus, the first reduction step of perinaphthenone leads to the formation 
of the free radical (V) whose possible resonance structures are represented by the 
formulae (B) and (C); hence, the resonance hybrid will exhibit properties 
intermediate between a phenol and an alcohol. The addition of a second electron 














TABLE |! 

PERINAPHTHENONE IN 50% ETHANOL—-WATER 
pH a 1 ~~ 2 pH ~~ 1 —_ 2 

$ “t “4 “4 
0-5 0-37 | 0-97 7-9 0-84 1-22 
23 | O47 | 1-09 9-0 0-88 1-25 
28 | O51 | 1-10 10-0 0-89 1-27 
4:1 0-59 1-10 11-0 0-90 1-29 
5:1 0-65 1-09 12-0 0-91 1-32 
6-1 0-73 | 1-14 | 13-0 0-91 1-39 
7-0 0-77 1-17 











and a proton should then lead to the formation of the secondary alcohol (D) 
which in turn can tautomerize to the more stable phenolic structure (E). From 
the difference in the reduction potentials of the two steps, one may conclude that 
the free radical is more stable to reduction in acid than in alkaline solutions. 
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The small adsorption step seen between the two main reduction steps could 
be interpreted either as a post-step to the first, or as a pre-step to the second 
step. Theoretical considerations make it more likely that it represents a pre-step 
to the second step, as the following discussion will show. 

The principal facts to be kept in mind are: 

(i) with increasing alkalinity the equilibrium position of the tautomerization 
reaction shifts increasingly to the right, i.e. the formation of the phenol (E) is 
favoured ; 

(ii) in acid solution the secondary alcohol (D), formed in the second reduc- 
tion step, will be less soluble than the resonance hybrid (B<—~>C) which exhibits 
also some qualities of a phenol ; 

(iii) in alkaline solution the phenol (E) will be the most soluble form present. 





Va Oa 
(A) (B) (c) 
YH OH OH 
OH 
Oo i _ ——— Hor 
H 
NN 
H H 
(D) (E) (F) 


It follows, therefore, that in acid solution the reduction product (D) is the 
least soluble and hence will be the most adsorbed and thus give origin to a pre- 
step to the second reduction step. With increasing pH, the tautomerization 
to the phenolic form (E) increases ; hence, form (D) is increasingly transformed 
into the soluble phenol (E) and with that the pre-step diminishes to disappear 
completely in neutral solutions. 

In alkaline solutions a post-step to the second step appears, as shown 
in Figure 1. This post-step indicates that now the resonance hybrid (B<—>C) 
is the most adsorbed form, a fact which can readily be explained from the 
consideration that in an alkaline medium the reduction product (D) will be 
rapidly transformed into the soluble phenol (E), so that the resonance hybrid 
is the least soluble and hence most strongly adsorbed reaction product. 

At pH 12 the solubility of the resonance hybrid seems increased to such an 
extent that it practically equals that of the naphtholate, with the consequent 
disappearance of the post-step. 











A POLAROGRAPHIC INVESTIGATION OF PERINAPHTHENONE 233 


The E;/pH plot for both steps is shown in Figure 2. It can be seen that the 
plot for the second step shows some abnormalities ; whereas the kink appearing 
at about pH 8 seems to suggest that the pK, value of the phenol (E) is of the 
same order of magnitude as that of the resonance form (B<—>C), the kink at 
pH 5 is difficult to explain. It seems probable, however, that not too much 
reliance can be placed on an interpretation of the plot for the second step, in view 
of the abnormalities to be expected in virtue of the adsorption processes discussed 
above. 
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Fig. 2.—E,/pH plots for perinaphthenone-7, 
To 50% EtOH ; in H,O only. 


[V. DECOMPOSITION RATE OF THE FREE RADICAI 

If the first reduction step of perinaphthenone is reversible ; an inert electrode 
immersed into a solution containing both perinaphthenone and its first reduction 
product, the free radical, should indicate the relative concentrations of both 
species in accordance with the Nernst equation. When the reduction is stopped, 
the rate of decomposition of the free radical formed can be measured. An 
alternative method is to equate the rate of formation of the free radical (given 
by the rate of electron uptake, obtained from measurement of the reduction 
current) with the rate of decomposition after it has reached a steady concentration 
(as indicated by the attainment of a steady redox potential). In each case the 
assumption has to be made that the reduction is also polarographically fully 
reversible, that is, that the standard redox potential is equal to the half-step 
potential. 

The method used, therefore, was to polarograph, then to reduce at the first 
plateau until a steady redox potential was reached ; finally, readings of the 
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redox potential were taken at regular intervals, under an atmosphere of nitrogen 
and in a thermostat at 25 °C. 

In alkaline solution there was no change in the value of the redox potential 
on stirring; the process can, therefore, be considered reversible (Kortum and 
Bockris 1951). 


Example of estimation : 


Sample: 200ml 0-1m NaOH, 0:05m KCl, 0-001m perinaphthenone in 50% ethanol, 
Reduction current: 6-5 mA, 

Steady redox potential reached: —0-83 V (v. 8.C.E.), 

Half-step potential: —0-937 V (v. S.C.E.); hence, 





log [free rad. ]=(0-83—0-937—0- 18)/0-06, 
and [free rad.]=1-58 x 10-5 mole 1-?. 


Assuming a bimolecular reaction, the reaction rate (K) of the formation is given by : 


g-moles transformed/|/sec 





free rad. g-moles?/l2 * 
or 
ampéres x 5 


~ 96500 > [free rad.]® 


ia 


Hence (K) from the formation rate=1-3 x 108 g-mole-!1sec-!. To calculate (K) from the 
decomposition rate, the variation of potential with time was measured ; the following values were 
obtained : 

t (min) 0 2 3 5 6 


—E (V) 0-817 0-800 0-784 0-780 0-770 
Calculating the concentration of free radical and inserting into the second-order equation : 
K=1-1x 108 g-mole-! | sec}, 


in good agreement with the value of (K) calculated from the rate of formation. 


In neutral and in acid solutions also the potential kept dropping after 
reduction was stopped, but its value changed on stirring; hence, the Nernst 
equation does not hold and it is impossible to calculate the rate constant. As 
the rate of change of potential was distinctly higher, however, the conclusion 
seems justified that the rate of transformation of the free radical into the dimer 
is faster in acid or neutral than in alkaline solution ; this result can be expected, 
because in alkaline solution the radical will carry a negative charge, causing a 
certain amount of repulsion, and thus slowing down the dimerization rate. 


V. REFERENCES 
BroicKa, R. (1942).—Z. Elektrochem. 48: 278. 
Kortum, G., and Boogrris, J. (1951).—“‘ Textbook of Electrochemistry.”’ p. 230. (Elsevier Book Co. : 
London.) 


Postscript 
Among the laboratory notes of the late Mr. P. Beckmann there were also 
recorded results obtained with 6-hydroxy- and with 9-carboxyperinaphthenone-7 
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Fig. 3 (top).—7-Perinaphthenone-9-carboxylic acid in 50% EtOH 
at pH 2-3-12. 
Fig. 4 (bottom).—6-Hydroxy-7-perinaphthenone in 50% EtOH at 
pH 2-3-12. 


which are reproduced in Figures 3 and 4. The interpretation given by Beckmann 
reads : 

“The more negative potential required for the reduction of 6-hydroxy- 
perinaphthenone-7 could be interpreted (i) by its increased resonance stabilization 
and (ii) by the greater difficulty in protonization due to the hydrogen bond 
between the keto and hydroxy groups. 


« g 
he. 
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“The break in the slope of the #,/pH plot (cf. Fig. 5) is at least partially 
due to the different ionization constants of hydroxyperinaphthenone and the 
dihydroxy free radical. Hence, in an acid solution a hydrogen ion and an 
electron are required to give the free radical ; at a higher pH this will be ionized 
and the first step involves the addition of an electron only. In alkaline solutions 
hydroxyperinaphthenone itself is ionized and, hence, an electron and a hydrogen 
ion are again needed to produce the simply charged free radical; ionization 
of the second hydrogen ion from the free radical is not to be expected below 
pH 13, as the hydrogen is probably held very strongly between the oxygen and 
the ‘ phenate’ ion.” 
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Fig. 5.—E,/pH plots for 6-hydroxy-7-perinaphthenone in 50% 
EtOH. 


Regarding the carboxylic acid Beckmann writes : 

“The effect of the electron-attracting carboxylic group is to withdraw 
electrons from the ring and thus make reduction easier ; above pH 7 (when the 
sarboxylate ion is present) this effect vanishes.” 

It is obvious that more work would be required to interpret fully the polaro- 
graphic results reproduced in Figures 3 and 4. Thus, the abnormal decrease in 
step height with pH and the various smaller waves shown, cannot be interpreted 
without further experimentation. 


The tragic death of a gifted young polarographist has left unfinished the 
work which had started with so much promise. 


B. BREYER 
H. SILBERMAN 




















ACID-BASE RELATIONSHIPS AND TAUTOMERIC EQUILIBRIA IN 
m-AMINOBENZOIC ACID, 3-AMING-1-NAPHTHOIC ACTD AND 
41—-AMINO-2-NAPHTHOIC ACID 


By A. Bryson* and R. W. MAtTTHEws* 
[Manuscript received October 26, 1960] 


Summary 

The first and second ionization constants have been determined in aqueous solution 
of m-aminobenzoic acid, 3-amino-l-naphthoic acid, and 4-amino-2-naphthoic acid. 
From published values of the ionization constants for the methyl esters, the ionization 
constants have been evaluated for the four equilibria involved in each case and estimates 
have been made of the effects of the substituents NH; and NH, on the ionization of 
the COOH, and of the substituents COOH and COO- on the ionization of the NH; 
group. These values and the tautomeric constants are interpreted in terms of structure 
and are discussed in relation to previous studies on substitution in the naphthalene 


ring. 


I. INTRODUCTION 

It has recently been shown (Mason 1958; Bryson 1960) that aqueous 
solutions of the “ meta’ type compounds 3-hydroxypyridine, 3-hydroxy- 
quinoline, and 4-hydroxyisoquinoline show distinctive characteristics, the 
tautomeric constants K, describing the equilibria between zwitterion (II) and 
phenol (I) in such solutions indicating that the proportions of zwitterion are 
(at 25°C): 3-hydroxypyridine, 45%; 4-hydroxyisoquinoline, 79%; and 
3-hydroxyquinoline, 8%. An explanation of this behaviour has been given 


git, OH K- »\——9™ 


ange 


\n7 \ni¢ 


H 


(Bryson 1960) in terms of the hypothesis that the mesomeric moment of a sub- 
stituent in an aromatic ring among other factors plays a significant role in deter- 
mining acid-base equilibria, and since this idea stemmed originally from a study 
of substituted naphthylamines, it became of interest to examine the comparable 
substances m-aminobenzoic acid, 3-amino-l-naphthoic acid, and 4-amino-2- 
naphthoie acid. The relevant acid-base equilibria are expressed by the following 
reaction scheme for 4-amino-2-naphthoic acid. The experimentally observed 
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ionization constants K, and K, are related to the individual constants K,, K,, 
K,, Kp, and K, by the equations 


K,=K, +Kz, (1) 
1 1 1 
g-n te (2) 
and 
K, Ky _ 
; ae (3) 


and if the assumption is made that K,—K,, where K,, is the constant for the 
methyl ester of 4-amino-2-naphthoic acid, the individual and tautomeric constants 
can be calculated and estimates made of: (i) the effects of the substituents 
COOH and COO- on the ionization of the RNH}# ion, and (ii) the effects of the 
substituents NH; and NH, on the ionization of the acid R-COOH. 


NH, 


A 
—— ) 
COOH (OfO}, O~ 


Ky 
NH, ZA NH» 


O Kp 
COOH COO~ 


The results obtained have shown that the tautomeric equilibria of the acids 
studied are similar to those existing in the comparable hydroxy compounds of 
the N-heterobases, the pret » tions of zwitterion being: m-aminobenzoic acid, 
67%; 3-amino-l-naphthoic acid, 83%; and 4-amino-2-naphthoic acid, 36%. 
The factors determining these quantities will be evaluated and the estimates 
of the substituent effects described will be shown to conform to the observations 
and hypotheses previously made with regard to substituent effects in the 
naphthalene ring. 











II. DETERMINATION OF IONIZATION CONSTANTS 
The values for the first and second disseciation exponents pK, and pK, 
of the acids differ by not more than two units, and these were determined by a 
modification of the spectrophotometric method due originally to Thamer and 
Voigt (1952) and extended by Kok-Peng Ang (1958). 
The ionization of a dibasic acid, RHz, is represented by the equilibria : 
RH? =RH+H+, 
RH=R-+H*, 
and described by the ionization constants K, and K,. The equation used by 
Kok-Peng Ang, which relates the observed molar extinction coefficient (¢)) of 
an aqueous solution of the acid at a given hydrogen ion activity (a) and at a 
given wavelength to the molar extinction coefficients of the species present is: 


a*(&—€,) +aK}j(&—€q) + Ki Ko(¢,—e3)=0, (4 
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where ¢,, ¢, and ¢, are the molar extinction coefficients of the species RH?, 
RH, and R~- respectively and Kj, Ke are the apparent ionization constants. When 
three molecular species RH}, RH, and R- are concerned in successive equilibria, 
any isobestic points occurring in absorption spectra due to the equilibrium 


RH? =RH+H+ 
will not in general coincide with those due to the equilibrium 
RH=R-+H*+, 


and a situation may exist such as is shown in Figure 1 in the region 270 to 283 muy, 
where the absorption curve for the species RH lies below those of RH? and R-. 
In this region a plot of optical density against pH will have a minimum value 
corresponding to the isoelectric point, and any observed extinction coefficient 
will have two corresponding values of the hydrogen ion activity. Thus two 
simultaneous equations of the form (4) may be solved to give the expressions : 


eo=€,+KoP, (5) 
where 

paseo +4») 

A145 

and 

eo=¢,+KiQ, (6) 
where 

Qu f2— 

_— 9 
a, +, 


a, and a, being the hydrogen ion activities corresponding to ¢. 


Thus a plot of <, against P gives a straight line whose slope is K2 and intercept 
€. The value of ¢, is then used to calculate values of Q which are plotted against 
¢, to give a second straight line, whose slope is K, and intercept ¢,. A weakness 
of this method is that any error in ¢, will result in a systematic error in the 
determination of x. 

The present authors have used the above method of Kok-Peng Ang for the 
determination of K2. For the determination of Kj, however, the following 
modification is used. By rearrangement of (6) the following equation is readily 
developed : 





where 


If c is plotted against corresponding values of A, a straight line should be 
obtained, the reciprocal of whose slope is K; and intercept <,. From (5) and (7) 
the two ionization constants are then available independently, and the intercepts 
of both plots should equal <,, thus affording a check on the consistency of the 
results. 
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In the case of aminobenzoic and aminonaphthoic acids, the ionic equilibria 
are further complicated by the tautomeric equilibria described previously : 
Kr 
RH® = RH, 


where RH= is the zwitterion form and RH°® is the non-zwitterion ‘erm. 


Since K, is pH-independent, the neutral molecule can be regarded as a 
single species and corrections for ionic strength in K, and Ks made by standard 
methods, the assumption being that the zwitterion activity, like that of the 
non-zwitterion form, is unaffected by low values of the ionic strength. 


Iil. EXPERIMENTAL 

Melting points are uncorrected, 

(a) Laboratory reagent grade m-aminobenzoic acid was recrystallized three times from 
water. The melting point of the purified product 174 °C agreed with published values. 

(b) 4-Amino-2-naphthoic acid was obtained by the hydrolysis of 4-amino-2-naphthonitrile, 
which was supplied by courtesy of Professor J. Cason. The product recrystallized from water 
as buff coloured needles, m.p. 213°C. Cason (1941) gives 215-216 °C. 

(c) 3-Amino-|-naphthoic acid was prepared from naphthalic anhydride in the following way : 
Naphthalic anhydride was nitrated by the method of Anselm and Zuckmayer (1899). From 
3-nitronaphthalic anhydride, 3-nitro-1-naphthoic acid, m.p. 265 °C, was prepared by the mercura- 
tion procedure used by Leuck, Perkins, and Whitmore (1929). These authors give m.p. 
270-271-5 °C. 3-Nitro-l-naphthoic acid in ethanolic solution was reduced by hydrogen with 
Raney nickel catalyst. The filtered ethanolic solution was evaporated in vacuo and the product 
recrystallized from toluene to give yellow needles, m.p. 179 °C. Leuck, Perkins, and Whitmore 
(1929) give m.p. 181-182 °C, while Gould and Jacobs (1937) record 179 °C. 

(d) Enantiomorphism of 3-amino-l-naphthoic acid: Microscopic examination showed the 
yellow needles from toluene to be fibrous rods which changed to small white needles on heating 
to 120°C. At 150°C the white needles began to transform to yellow rhombs which melted at 
179 °C. When the white needles were heated rapidly in a capillary tube they partially melted 
at 166 °C and resolidified to the yellow form which subsequently melted at 179°C. Reerystal- 
lization of the compound from water in an atmosphere of nitrogen gave white needles, m.p. 
166 °C. Toluene was the only solvent from which the yellow crystals were obtained satisfactorily, 
solutions in other solvents becoming dark on standing with the separation of discoloured crystals. 

The yellow crystals from toluene retained the solvent tenaciously, heating in vacuo to 140 °C 
being required to remove it (Found: C, 69-7; H, 4-6; N,7-4%. Cale. for C,,H,O,N : C, 70-6; 
H, 4-9; N,7-5%). Vacuum sublimation gave a yellow deposit (the labile modification) melting 
at 179 °C, analysis of which indicated a pure substance (Found: C, 70-3; H, 4-9; N, 7-49 
Calc. for C,,H,O.N: C, 70-6; H, 4:9; N, 7°5%). 


o- 


(e) pK, Determinations: In the preparation of solutions for the measurements, the same 
procedure was followed for each amino acid. A stock solution was prepared from which three 
aliquots were taken; these were diluted to give solutions of high pH, low pH, and pH in the 
vicinity of the isoelectric point. The absorption curves of these solutions were obtained between 
200 and 400 mu to determine the wavelength range at which measurements were possible (Fig. 1). 

Aliquots of the stock solution were diluted with appropriate buffers to give solutions of a 
suitable concentration for optical density measurement. A corresponding blank was prepared 
for every solution. Monochloracetate, acetate, and phosphate buffers were used and solutions 
were adjusted to constant ionic strength, 0-016, by the addition of sodium chloride. 

Optical density measurements were made on a Uvispek Spectrophotometer, using matched 
silica cells of 1 em length. A Cambridge model pH-meter was used for pH measurements and was 
standardized at pH 4-00 with 0-05m potassium hydrogen phthalate, the instrument being 
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restandardized between each measurement. All measurements were made in a room in which 


the temperature was controlled at 25+0-5 °C, 


The measurements for the three amino acids are given in Table 1. 

The plot of optical density versus pH for m-aminobenzoic acid is given in Figure 2. From 
this graph, values of P and A are calculated for various extinction coefficients on the steep portions 
of the curve. The results are given in Table 2. The value of ¢, was obtained from measurements 
in alkaline media. In determining ¢,, it was noticed that as the HCl concen. was increased above In 
the optical density began to change markedly and values of ¢, were therefore obtained from 
solutions of approximately 0-4n HCl. Whilst a small amount of the neutral molecule (approx. 
0-2%) is present at this pH it is insufficient to cause an error in ¢, greater than the instrumental 
error. 


0-800 


0-600 


DENSITY 





oO 








WAVELENGTH 


Fig. 1.—Absorption spectra of m-aminobenzoic acid solution in water ; 
concentration 4-0 10-‘*m. 


. at pH 1-0; at pH 4-0; at pH 8-5. 


The plots of A v. ¢, and P v. ¢, are shown in Figure 3. The reciprocal slope 1 and slope 2 of 
the straight lines gave pK, -3-14 and pKs 4-71 respectively. A correction of 0-06 for the 
logarithm of the activity coefficient gave estimates of the thermodynamic ionization exponents ; 
pK,=3-08 and pK,=4:-77. 

A similar treatment for 3-amino-l-naphthoic acid and 4-amino-2-naphthoic acid yielded 
the following results : 

3-amino-l-naphthoie acid, pK,=2-61 and pK,=4-39 
4-amino-2-naphthoie acid, pK,=2-89 and pK,=4-46 


Some difficulty was experienced with 4-amino-2-naphthoic acid since only 50 mg was available 
and, in alkaline media, decomposition was evident in solutions after several hours. However, 
by taking measurements of solutions in alkaline media immediately after preparation, sufficient 
data were obtained for the determination. The plots of A and P v. ¢, are shown in Figure 5. 
There is some inconsistency in the results for 3-amino-1-naphthoic acid (Fig. 4) since the intercepts 
do not coincide, but this is not serious as a difference in the slope of either line of 0-02 pK units 
will correct this. 
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TABLE 1 
OPTICAL DENSITIES OF SOLUTIONS OF AMINO ACIDS AT WAVELENGTHS AND pH SPECIFIED 


A, m-Aminobenzoic acid ; 8-410x 10-4; A=280 my 
B, 3-Amino-l-naphthoic acid; 2-612 10-4; A=328 mu 
C, 4-Amino-2-naphthoic acid; 8-88 x10-'m; A=265 mu 









































A B Cc 
Soln, 
No. Optical | | Optical | Optical | 
Density | = | Density = Density | a 
1 0-573 | 0-4 0-414 } 0-4 0-375 0-4 
2 0-567 1-15 0-368 1-8] 0-405 1-87 
3 0-565 1-46 0-355 1-94 0-410 2-01 
4 0-555 1-84 0-340 2-09 0-417 2-14 
5 0-546 2-01 0-329 2-19 | 0-425 2-24 
6 0-536 2-17 0-302 2-38 0-450 2-45 
7 0-530 2-28 0-266 2-59 0-485 2-66 
8 0-508 2-50 0-252 2-64 | 0-500 2-74 
9 0:501 2-57 0-240 2-74 0-515 2-82 
10 0-490 2-64 0-224 2-82 0-540 2-94 
ll 0-480 2-72 0-212 2-91 0-552 3-04 
12 0-472 2-77 0-196 | 3-02 0-575 3-17 
13 0-462 2-84 | 0186 | 31 | 0-600 3-27 
14 0-450 | 2-91 0-182 | 3-21 0-605 3-40 
15 0-434 | 3-00 | 0-175 3-31 | 0-620 3-52 
16 0-413 | 3-10 0-172 3:43 0-620 | 3-66 
17 0-396 | 3-20 0-174 3:48 0-630 — | 3-76 
18 0-374 | 3-30 0-173 3-50 | 0-618 | 3-89 
19 0-348 | 3-47 0-175 | 3-61 0-598 | 4:07 
20 0324s 3-71 0-205 | 3-88 0-567 4-26 
21 0-322 | 3-96 0-224 | 4-00 0-531 | 4-50 
22 0-327 | 4-05 0-246 4-1] | 0-478 | 4:86 
2% 0-336 4:16 | 0-268 | 4-20 0-432 5-27 
24 0-350 | 4-23 0-285 | 4-31 0-400 7-85 
25 0-365 | 4:33 | 0-300 | 4:37 | 
26 0-385 4-42 0-321 4-46 
27 0-398 | 4-48 | 0-841 | 4-54 
28 0-418 | 4-56 | 0-360 4-64 
29 0-440 4:66 | 0-380 4°74 
30 0-461 | 4-7: | 0-390 4-82 
31 0-480 | 4-80 | 0-405 4:91 
32 0-500 | 4-90 0-428 5-09 
33 0-521 | 4-98 | 0-440 | 5-21 | 
34 0-542 | 5-08 | 0-470 | 5-78 
35 0-566 | 5-19 0-480 | 6-23 
36 0-589 | 5-34 0-490 7-82 
37 0-633 | 5-68 
38 0-678 6-67 
39 0-683 | 7-50 
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IV. RESULTS 
The experimental values for pK, and pK, together with the exponents 
pK, for the methyl esters (Bryson 1960) and calculated values for pK,, pK,, 
pK,, pKp, and K, are shown in Table 3. The only previously published figures 
(Cumming 1906; Clear and Branch 1938) relate to m-aminobenzoic acid and, 
apart from the pK, value of Clear and Branch, agree well with the present results. 
The terms pK,, pK,, pK,, and pK, with which we are particularly interested are 
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Fig. 2.—Optical density v. pH for m-aminobenzoic acid solutions in 
water; concentration 8-41 x 10-'m; wavelength= 280 mu. 


derived from pK,, pK,, and pK,, the assumption being that the inductive effects 
of the COOH and COOCH, groups are equal, that is, pK,=pK,. This assump- 
tion is not necessarily justified as has been shown by Robinson and Biggs (1957) 
for p-aminobenzoic acid, and in this work two estimates have been made using 
the equivalences pK,—pK, and pK,—pK,—0-06, the correction term in the 
latter expression being based on the recent o,, values for m-COOH, m-COOCH,, 
and m-COOC,H, of 0-35, 0-32, and 0-34 (van Bekkum, Verkade, and Wepster 
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1959), the value of the reaction constant for substituted-anilines being taken as 
2-8. Furthermore, the derived values being based on three independent experi- 
mental results will bear the errors of these measurements, and additional calcu- 
lations have been made on the assumptions set out in the footnote to Table 4. 


700 
pom i Pa 
i 6 
(2) (1) 
SoOoFr a 


£o 


400 











Fig. 3.—m-Aminobenzoic acid. 
» PRS: & v. Ax 10-1, 


This gives four sets of values for pK,, pK,, pK,, pK), and K, from which the 
differential quantities ApK,, ApK,, ApK,, and ApK, are derived and are shown 
in Table 4. These represent the effects of the substituents in the individual 
ionization processes, and a decision as to the most reliable values can be readily 


TABLE 2 


m-AMINOBENZOIC ACID 


No. pH, pH, Option! & P x 107 Ax10-1 
Density 
l 2-54 $-90 0-503 59S 1:70 2-40 
2 2-64 $-85 0-493 584 1-63 2-24 
3 2-73 4-80 0-479 570 1-54 2-09 
4 2-81 4-75 0-466 554 1-47 1-98 
5 2-89 4-70 0-453 539 1-39 1-86 
6 »- 96, 1-65 0-440 523 1-32 1-74 
7 3-03 4-60 0-428 509 1-24 1-65 
8 3°09, £°55 0-416 195 1-17 1-55 
3 4 *404 l l 
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made since the estimates must agree with expected values for any given compound 
and also be consistent in the expected order of substituent effects for the three 
amino acids. Ap, values are based on the following pK, values: anilinium, 
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Fig. 4.—3-Amino-1l-naphthoic acid. 
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Fig. 5.—4-Amino-2-naphthoic acid. 
e, v. Px 10’; & v. A. 
1- and 2-naphthylammonium ions, 4°59, 3-92, and 4-16 respectively (Bryson 
1960), benzoic, 1- and 2-naphthoie acids, 4:20, 3-70, and 4°16 respectively 
(Dippy, Hughes, and Laxton 1954). 
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EXPERIMENTAL AND 
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TABLE 3 


H,O at 25°C 


DERIVED IONIZATION EXPONENTS FOR ™-AMINOBENZOIC 
NAPHTHOIC ACID, AND 4-AMINO-2-NAPHTHOIC ACID 


AND R. W. MATTHEWS 


ACID, 3-AMINO-1- 














| | 
| pK, | pK, PK, | pK,| pK, | pKp| Kr |.” 
} | (=pK,) Zwit. 
es ee See Cae = 
m-Aminobenzoic acid | 3-08*| 4-77 3-56 | 3-25 | 4-60 4-29 | 2-04 67 
3-Amino-1-naphthoic acid 2-61 | 4°39 3°38 2-69 | 4-25 3-56 | 4-90 83 
4-Amino-2-naphthoie acid | 2-89 4-46 3°08 | 3-34 | 4-01 | 4-27 | 0-55 36 
| | | 


and 





* Literature values: pK, 3-04 (Cumming 1906), 3-05 (Clear and Branch 1938); pK, 
4-79 (Cumming 1906), 4-60 (Clear and Branch 1938) ; pK, 3-55 (Cumming 1906), 3-55 (Clear 


Branch 1938), 3-56 (Bryson 1960). 


TABLE 4 


























COMPARISON OF SUBSTITUENT EFFECTS ASSUMING LIMITS OF pK,, pK,, AND pK», 

ApK, ApK, ApK, | ApKy 
Effect Effect Effect | Effect 
of NH; of COOH of COO- | of NH, 

on COOH on NH? on NHS | on COOH 

Ionization Ionization [onization Ionization 
1.* m-Aminobenzoic acid (IV) 0-95 1-03 —0-O1 —0-09 
2.T - mn os si 0-91 1-10 +0-03 —0-16 
3.t 0-84 1-08 0-00 | —0-24 
4.§ bs ‘i és 1-04 0-98 0-00 +0-06 
5.* 3-Amino-l-naphthoie acid (V) 1-91 0-78 —0-09 +0-14 
6.4 * s a 1-00 0-84 —0-14 +0-02 
ton * % o» | 0-94 0-83 —0-18 —0-07 
8.§ mn - + | 1-08 0-73 —0-09 +0-23 
9.* 4-Amino-2-naphthoic acid (VI).. 0-82 0-84 0-09 —0-09 
10.4 i es zh 0-68 {| 0-90 +0-05 | —0-17 
11.t ‘s ‘s ‘a 0-49 | 0-89 +0-14 | —0-26 
12.§ 1-01 0-79 0-18 +0-04 


3. 


* 1, 5, 9: Cale. from experimental pK,, pK,, and pK,=pK,, as in Table 
+ 2, 6, 10: Calc. from experimental pK,, pK,, and pK,=pK,—0-06. 
¢ 3, 7, 11: Cale. on assumed values pK, +0-05, pK, +0-05, and pK, —0-05. This gives 





minimum values for ApK, and ApK, and maximum values for ApK, and ApK,-. 
§ 4, 8, 12: Cale. on assumed values pK, —0-05, pK, —0-05, and pK, +0-05. 
méximum values for ApK , and ApK, and minimum values for ApK, and ApK,-. 


This gives 


V. DISCUSSION 

Since the ApK, values in Table 4 represent the limits between which the 
true values may be expected to lie, it should be possible to narrow the choice 
still further. 

The following considerations enable this to be done: 

(i) No. 4 can be eliminated since a ApK, (=c,,) value of 0-06 for the 

m-NH, group is unlikely ; van Bekkum, Verkade, and Wepster (1959) give the 
limits for o,, as —0-038 +0-035. 


m 
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(ii) No. 11 can be eliminated since three of the values are improbable ; 
thus a ApK, value of 0-49 is too low, the large positive value of ApK, violates 
the expected order of the substituent effect of the COO- group on the NHZ 
ionization, and the value of —0-26 for ApK, although possible, seems unlikely. 

(iii) The order of the ApK,, values, that is, those relating to the effect of 
the NH, group, isimportant. It has been shown (Bryson 1960) that m-substituted 
anilines, 3-substituted-l-naphthylamines, and 4-substituted-2-naphthylamines 
show characteristic differences in their substituent effects, the o constants 
evaluated from experimental ApK, values being expressed by a modification 
of the Taft equation (Taft and Lewis 1959) 

ApK,=p0=0(ac,+bo,), 
where the reaction constant e for the three series is taken as 2-80, c,, o,, are 
polar and mesomeric substituent constants and a and b are adjustable parameters 
having the following values : 


m-substituted-anilines : o=1-050,+0-336,,, (8) 
3-substituted-1-naphthylamines : o—0-956,+0-126,,, (9) 
4-substituted-2-naphthylamines: o=—0-786,+-0-400,,. (10) 


The terms gac, and pbc, are considered to represent the components of the 
substituent effect due respectively to the substituent dipole and to the mesomeric 
moment created by the substituent, both effects being essentially inductive in 
nature. Inspection of equations (8), (9), and (10) shows that the dipole effects 





+ 
NH; 
58- O 55- 
OCH; 
88-  5- 
(I) (II) 
COOH COOH 
6- 8- 55- O ‘O 55- 
NH> TH 
Gn NH» 
5- 55-  8- 
(IV) (Vv) (v1) 


fall in the order m-anilines >3-substituted-1-naphthylamines > 4-substituted-2- 
naphthylamines, whereas the mesomeric effects follow the order 4-substituted- 
2-naphthylamines >m-substituted-anilines > 3-substituted-1-naphthylamines, the 
low value for the last mentioned being interpreted as due to the small z-electron 
density produced by the mesomeric effect of the substituent in the atoms adjacent 
to the NH; group in (II) as compared with those in (I) and (III). Similar 
arguments apply to the aminocarboxylic acids (IV), (V), and (VI), and it can 
be expected that the net effects, although smaller than in the amines, will 
E 
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nevertheless be significant since the NH, group has substantial electron donor 
properties in delocalization, while exerting its inductive effect as an electron 
attractor. Anticipating by analogy with equations (8), (9), and (10) that 
the delocalization (mesomeric) effects will be in the order 3-aminobenzoic 
acid (IV) 4-amino-2-naphthoic acid (VI)>3-amino-1l-naphthoic acid (V), and 
the dipole effects to be in the order 3-aminobenzoic acid (IV)>3-amino-1- 
naphthoic acid (V)> 4-amino-2-naphthoic acid (VI), and noting that these effects 
are in opposition, since the co, and co, values for NH, are 0-17 and —0-76, the 
net substituent effects as measured by ApK, should be in the order: 3-amino-1- 
naphthoic>m-aminobenzoic acid~4-amino-2-naphthoic acid. Reference to 
Table 4 shows that the only selections satisfying this criterion are 1,5,9; 1,6,9; 
2,5,10; 2,6,10; 1,5,10; and 1,6,10. Nos. 8 and 12 can be eliminated, the first 
since the value of 0-23 is improbably high, and the second since the value of 0-04 
is rejected for the same reason as was that in No. 4. 

(iv) The effects of the COOH on the NH; ionization have previously been 
described (Bryson 1960), the experimental and expected orders being 
(IV)>(V)x(VI). Of the available selections 1,5,9; 1,6,9; 1,5,10; 1,6,10; 
2,5,9; 2,6,9; 2,5,10; and 2,6,10, only 1,5,9; 1,6,9; 1,5,10; 1,6,10; 2,5,10; 
and 2,6,10 are common with those in (iii). 

(v) Considering now the effects of the COO- group on the NH3 ionization 
described by ApK,, we note that the o,, values quoted by Jaffé (1953) for this 
group range from —0-023 to 0-197 and a value of 0-0 to 0-05 would be 
appropriate for m-aminobenzoic acid. If it be assumed that this slightly positive 
value results from the group acting as a charged dipole C+—, the closer 

OY” 
proximity of the positive carbon atom to the functional group almost balancing 
the more remote effects of the negative oxygens, it appears plausible to suggest 
the same order of inductive effect as for the COOH group, viz. (IV) >(V) (VI). 
Of the selections remaining only 1,5,9 satisfies this requirement. 

(vi) Finally, the value of ApK, indicates the effect of an NH3° pole, and this 
having no mesomeric component should, in terms of equations (8), (9), and (10), 
give the order (IV)>(V)> (VI). In the selection 1,5,9 the order is (V)> (IV)> (VI) 
but the difference between (V) and (IV) is not very great. Jaffé (1953) gives the 
following c,, values: NHg’, 0-634 (1 reaction) ; NH,CH3;’, 0-958 ; NH,(C,H,)*, 
0-958 ; and N(CH,)3, 0-904. Disregarding the value for NH; which seems too 
low, the remaining figures check well with the estimated ApK, values. 

Apart from this minor variation the selection 1,5,9 appears to be the most 
consistent description of the substituent effects, and the data given in Table 3 
on which these are based, are therefore offered as reliable estimates. 

The data will be of value in supplementing information on the effects of 
substituents in 1- and 2-naphthoic acids, which it is hoped will be derived from 
experiments currently in progress. 


Exient of Zwitterion Formation 
Equation (3) can be written in the form log K,;=pK,—pK,, and the pro- 
portion of zwitterion in aqueous solution is thus determined by the relative values 
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of these exponents. The pK, values of benzoic acid and anilinium ion are 4-20 
and 4-59 respectively and the substituent effects of the NH; and COOH groups 
are approximately equal (Table 4), "hence the pK, and pK, values for m-amino- 
benzoic acid are 3-25 and 3-55. Thus the zwitterion concentration of 67°, for 
this substance in aqueous solution is determined mainly by the differing strengths 
of the unsubstituted benzoic acid and anilinium ions. In the case of 3-amino-1- 
naphthoic acid, the exponents for 1-naphthoic acid and the 2-naphthylammonium 
ion are 3-70 and 4-16 respectively, and this coupled with the fact that the effect 
of a 3-NH3 group on 1-naphthoic acid is 1-00 units, while that of a 4-COOH 
on 2-naphthylammonium ion is about 0-80 units (Table 4), leads to a substantial 
disparity in the values for pK, (2-69) and pK, (3-38) and results in a high (83°) 
proportion of zwitterion in the aqueous solution. By contrast, the exponents 
for 2-naphthoic acid and 1-naphthylammonium ion are 4-16 and 3-92, and the 
substituent effects of the 4-NH; on the former and of the 3-COOH on the latter 
are virtually equal (0-82 and 0-84, Table 4). Hence pK, (3-34) is greater than 
pK, (3-08) and the zwitterion percentage is 36%. 

The occurrence of two enantiotropic forms of 3-amino-l-naphthoie acid 
one of which, the labile form, is yellow, distinguishes this from other amino- 
naphthoic acids. It has long been known that some 2,3-disubstituted-naphthalene 
compounds are yellow, as for example 3-amino-2-naphthoic acid, 3-hydroxy-2- 
naphthoie acid, 3-hydroxy-2-naphthaldehyde, and 3-hydroxy-2-naphthalene- 
sulphonamide, but the reasons for this are not clear. It is a matter of some 
interest whether the two modifications of 3-amino-l-naphthoic acid owe their 
characteristics to differences in crystal structure or molecular pattern, but this 
problem as yet has not been investigated. 
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MONO COMPLEXES OF 2,2’-BIPY RIDINE AND 1,10-PHENANTHROLINE 
WITH METAL HALIDES 
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Summary 

The mono complexes of 2,2’-bipyridine and 1,10-phenanthroline with the halides of 
Cr(IIL), Mn(II), and Ni(II) have been prepared in good yield by reaction of the base 
with excess of the anhydrous metal halide in boiling dimethylformamide solution. The 
Fe(II) complexes, which could not be prepared satisfactorily in this manner, were made 
in boiling normal hydrochloric acid, and salted out with solid calcium chloride. The 
magnetic moments showed that all were of the high-spin type. The high moments of 
FebipyCl, and FephenCl, (5-72 and 5-79 B.M.) suggest that the previous value for 
FephenCl, (1-8 B.M.) is in error, and that the change from high- to low-spin does not 
occur until the third molecule of the ligand has been attached. 


[. INTRODUCTION 

The ligands 2,2’-bipyridine (bipy) and 1,10-phenanthroline (phen) are 
known to form tris, bis, and mono complexes with transition metal ions (Brandt, 
Dwyer, and Gyarfas 1954). Whereas the former two types are well known, few 
examples of the mono complexes have been isolated, though dissociation studies 
have suggested their presence in aqueous solution. Barbieri (1934) has described 
the preparation of potassium tetracyano(bipyridine)ferrate(II), and Wilkins 
and Williams (1957) obtained tetraquo(phenanthroline)nickel(IIT) nitrate from 
phenanthroline and nickel nitrate in large excess. The method has been extended 
to the nickel complexes of bipyridine, and various substituted phenanthrolines 
and bipyridines (Ellis, Hogg, and Wilkins 1959). Harris and Lockyer (1958) have 
described some monophenanthrolineiron(IIT) complexes. It is well known 
that whereas the hydrated iron(II) ion is paramagnetic, the tris(phenanthroline) 
and (bipyridine) complexes are diamagnetic, and it is of theoretical interest to 
determine where the change from high- to low-spin occurs. Basolo and Dwyer 
(1954) showed that the blue Febipy,Cl, and Fephen,Cl, were of the high-spin 
type, but the red FebipyCl,, obtained from the bis complex by pyrolysis, was 
found to have a moment of 1:8 B.M. The expected moment for low-spin planar 
Fe(II) is 2-5 B.M., and the low moment was ascribed to metal-metal interaction. 

The mono complexes described in the present paper have been prepared 
either in dimethylformamide (dmf) solution using the anhydrous metal halide, or 
in normal hydrochloric acid solution. The latter method gave the better results 
with the iron mono compounds, but low yields of the manganous and nickel 
compounds. All substances were coioured, hygroscopic, crystalline solids. 
Those prepared in dimethylformamide separated originally with one molecule 
of the solvent, which could be removed only by heating at 100-150 °C in a vacuum. 
The chromium compound CrphenCl,.dmf was stable at 150 °C/2mm. With 
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the exception of this substance all were easily soluble in water and methanol 
but underwent disproportionation rapidly, especially in aqueous solution. Under 
suitable conditions the mono complexes are useful for the preparation of com- 
plexes with “ mixed ” ligands, for example, [Ni(bipy)(phen),]Cl,, to be described 
subsequently. 

The magnetic moments of all substances showed that they were of the 
high-spin type. The iron(II) compounds, prepared in hydrochloric acid, were 
rose-red in colour, and gave the rather high values of 5-7 B.M. for the bipyridine 
complex, and 5-8 B.M. for the phenanthroline complex. These are slightly 
outside the normal range (5-0-5-5B.M.) usually observed (Selwood 1956). 
Pyrolysis of [Fe(bipy),]Cl, or [Fe(bipy),Cl,] as described by Basolo and Dwyer 
(1954) gave a dark red solid (u—4-8B.M.). Both the rose-red and dark red 
varieties disproportionated rapidly in methanol and water, but the difference in 
colour was still evident when both varieties were ground up to the same particle 


TABLE 1 


MAGNETIC MOMENTS OF MONO COMPLEXES 





Substance ad Ueale. 

(B.M.) (B.M.) 

Cr bipy Cl,.dmf a - 3-77 3-88 
Cr phen Cl,.dmf 3-72 3-88 
Mn bipy Cl, 5-87 5-92 
Mn phen Cl, 5-83 5-92 
Ni bipy Cl, 3-29 2-83 
Ni bipy Br, 3-52 2-83 
Ni phen Cl, 3-34 2-83 
Ni phen Br, 3-33 2-83 
Fe bipy Cl, 5-72 4-90 
Fe phen Cl, 5-79 4-90 
Fe trpy Cl, 4-60 4-90 


size. The substance may well exhibit dimorphism. All attempts to prepare the 
variety with the low moment (1-8 B.M.) failed. It is also significant that 
2,2’,2”-terpyridinedichloroiron(II), [Fe(trpy)Cl,], was found to have the normal 
high moment of 4-60 B.M. It is concluded that the previous value for the 
iron(II) mono compound is probably in error. It has usually been found that 
there is a stepwise decrease in the affinity of a metal ion for the progressive 
addition of ligands (Taube 1952), but this order is reversed for the iron(II) 
phenanthroline and bipyridine systems (Lee, Kolthoff, and Leussing 1948 ; 
Baxendale and George 1950), and presumably for the terpyridine system. The 
paramagnetism of both the mono and bis complexes confirm the presence of 
strong ligand field stabilization in the diamagnetic tris species, and is consistent 
with the reversed order of stepwise ligand affinity. 

A 5-covalent distorted trigonal bipyramidal structure probably occurs in 
dichloroterpyridine iron(II), analogous to the cadmium, zinc, and copper(IT) 
complexes (Corbridge and Cox 1956). 
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II. EXPERIMENTAL 

(a) Mono Complexes of Fe(III), Mn(il), Cr(III), Ni(II) Halides.—The anhydrous halide of 
the metal (1 g) was dissolved completely in dry dimethylformamide (10 ml). A trace of zine dust 
was added to effect dissolution of chromium(III) chloride (Burstall and Nyholm 1950), and the 
solution then filtered. Phenanthroline or bipyridine (1 mole) was added to the hot solution, which 
was kept agitated whilst being refluxed. After about a minute, solid commenced to separate, 
causing violent “‘ bumping’. After 10 min the mixture was cooled to room temperature, the 
solid collected and washed with cold dimethylformamide, and then dry ether. At this stage, 
the Fe(III) and Mn(II) complexes were pale yellow, the Cr(IIT) dark green, and the nickel com- 
pounds bright green, and contained a molecule of dimethylformamide. At 150 C/10-2 mm, 
the Mn(II), Fe(IIT), and Ni(I[) but not the Cr(III) complex lost the solvent of crystallization. 
The nickel complex became yellow-green after removal of the dimethylformamide (Found : 
C, 36:0; H,2-0%. Calc. for Ni(C,,H,N,)Br,: C, 36-1; H, 2-0%); (Found: C, 46-1; H, 2-6; 
N, 9:0%. Calc. for Ni(C,,H,N,)Cl,: C, 46-5; H, 2-6; N,9:0%); (Found: C, 42-2; H, 3-0; 
Cl, 25-2%. Calc. for Mn(C,,H,N,)Cl,: C, 42-6; H, 2-9; Cl, 25-2%; (Found: C, 46-7; 


H, 2-6; N,9-1%. Cale. for Mn(C,,H,N,)Cl,: C, 47-1; H, 2:6; N,9°-2%); (Found: C, 39-7; 
H, 4:1%. Calc. for Cr(C,,)H,N,).Cl,C;H;,NO: C, 40-3; H, 3-9%); (Found: C, 43-2; H, 3-6; 
N,10-1%. Cale. for Cr(C,,H,N,).Cl,;C,H;NO: C, 43-8; H,3-7; N, 10-2%); (Found: C, 42-0; 
H, 2-8; Cl, 24-5%. Calc. for Ni(C,,H,N,)Cl,: C,42-0; H, 2-9; Cl, 24-9%); (Found: C, 32:3; 
H, 2-2; N,7-4; Br, 42-5%. Cale. for Ni(C,,H,N.)Br,: C, 32-1; H,2°2; N, 7-5; Br, 42-7%). 


(b) Mono Complexes of Iron(II) Chloride.—Iron(II) chloride 4-hydrate (6g; 1 mole) in HCl 
(In; 15 ml) was heated at 50-60 °C with finely divided iron metal (0-5 g) to reduce traces of 
iron(III) chloride. The mixture was filtered into a test tube filled with carbon dioxide and 
containing silver wool (0-2 g). After heating to boiling, the solution was decanted onto the base 
{0-1 mole; phenanthroline, bipyridine, or terpyridine) and carbon dioxide passed through the 
deeply coloured solution whilst it was boiled for 2 min. Calcium chloride 6-hydrate (13 g) was 
then added, and immediately rose-red crystals of [Fe(bipy)Cl,] or [Fe(phen)Cl,], or purple-red 
{Fe(trpy)Cl,], commenced to deposit. After 2 min the product was collected and washed with 
absolute ethanol containing a drop of HCl, followed by absolute ethanol, and finally peroxide. 
free ether (yields: [Fe(bipy)Cl,], 56%; [Fe(trpy)Cl,], 75%; [Fe(phen)Cl,], 95%) (Found : 
C, 42-4; H, 2:9; N,9-8%. Calc. for Fe(C,,H,N,)Cl,: C, 42-4; H, 2-9; N,9-9%); (Found: 
C, 50:0; H, 3-2; N, 11-4%. Cale. for Fe(C,,H,,N;)Cl,: C, 50-0; H, 3-1; N, 11°7%); 
(Found: C, 46-9; H, 2:6; N,9-1%. Calc. for Fe(C,,H,N,)Cl,: C, 46-9; H, 2:6; N, 9-1%). 
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Summary 


A quantitative examination has been made of the components of hydrolysed beeswax. 
This was achieved by separation into hydrocarbons, monohydric alcohols, “‘ diols ”’, 
acids, and hydroxyacids. The alcohol and acid fractions were reduced to the corres- 
ponding hydrocarbon mixtures and these together with the naturally occurring hydro- 
carbons were examined by gas chromatography, which demonstrated their straight-chain 
character and gave the chain lengths and percentage composition of the components. 


I. INTRODUCTION 

Beeswax has been the subject of chemical study for well over a century. 
However, our present knowledge of the constituents of beeswax can be said to 
stem from the careful work of Gascard and Damoy (1923) who submitted the 
alcohol, acid, and hydrocarbon fractions to fractional crystallization. They 
claimed to have isolated in this way a series of four odd-numbered normal alcohols 
C,, to Cs, and a similar series of normal acids and normal paraffin hydrocarbons. 
Subsequently the extensive investigations of Chibnall and Piper and their 
associates clearly showed that fractional crystallization of mixtures of long-chain 
compounds does not give pure compounds, and that the many so-called pure 
compounds isolated in this way from waxes were actually binary or tertiary 
mixtures. Chibnall et al. (1934) reinterpreted the melting point data of Gascard 
and Damoy to show that the beeswax alcohols most likely were comprised of a 
series of even carbon numbers and they assigned the compositions in Table 1 to 
the four “ alcohols ” of Gascard and Damoy. 

In a similar way they inferred that the four acids isolated by Gascard and 
Damoy were probably mixtures of even-numbered acids from C,, to C3,. They 
also considered that the four hydrocarbons isolated by Gascard and Damoy and 
stated by them to be C,;, Cy7, Cog, and Cs, were mixtures but saw no reason to 
doubt that the components were in fact C,;, C7, Cog, and C;, hydrocarbons. 

From the acid fraction of beeawax Holde and Bleyberg (1930) isolated 
tetracosanoic acid by molecular distillation and checked its purity by examining 
the X-ray diffraction pattern. Palmitic acid has been reported among thie 
shorter chain constituents (Buchner 1937). Beeswax contains a small amount of 
unsaturated material and Hilditch (1956) stated that oleic acid was reputed to 


* For Part XVII, see Lamberton, J. A., and Redcliffe, A. H. (1960).—Aust. J. Appl. Sci. 
11: 473. 
+ Division of Organic Chemistry, C.S.I.R.O. Chemical Research Laboratories, Melbourne. 








254 D. T. DOWNING ET AL. 


be present in small amount while Warth (1956) recorded the occurrence of a 
C,, unsaturated acid (‘‘ hypogaeic acid”), but there is no firm basis for the 
identification of either of these acids. Toyama and Hirai (1951a) have shown 
the presence of hydroxyacids, and have isolated and clearly established the 
structure of 14-hydroxypalmitic acid. 

That knowledge of the constituents of hydrolysed beeswax is far from 
complete both qualitatively and quantitatively has prompted the present investi- 
gation of beeswax by methods previously employed for wool wax (Downing, 


TABLE 1 
BEESWAX ALCOHOLS 





Composition (%) Assigned to Fraction 


Name and Composition by Chibnall et al. (1934) 


assigned to Fraction by 
Gascard and Damoy (1923) 








Cog Cy C52 C54 


Cos Cog 








| 
i | 
Neoceryl alcohol, C,;H,;,0.. 40 40 | 20 


| | 
Ceryl alcohol, C,;H,;,O0 | 50 50 | 
Montanyl] alcohol, C,H, 0 40 | 40 20 | 
Myricyl alcohol, C,,H,,0 .. | 40 40 20 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 





Kranz, and Murray 1960) and sugar-cane cuticle wax (Kranz et al. 1960). With 
beeswax this has involved first the spectroscopic examination of the wax, followed 
by hydrolysis and separation of the components into hydrocarbons, monohydric 
alcohols, ‘‘ diols”, acids, and hydroxyacids. The alcohol and acid fractions 
were then reduced to the corresponding hydrocarbon mixtures and these as well 
as the naturally occurring hydrocarbons, were examined by gas chromatography. 
This showed them te be straight-chain in character, identified the chain lengths, 
and revealed the percentage composition of the constituents. 


II. EXAMINATION OF BEESWAX AND BEESWAX COMPONENTS 
(a) Beeswax 

Two specimens of Apis mellifica beeswax have been examined. One, light 
yellow in colour, originated in a suburban area and contained highly coloured 
pollen pigments collected from flower gardens. The second, pale cream, came 
from open country where the bees had access to flowering Hucalyptus species 
(chiefly ‘‘ grey box ”’) which have little colouring matter in their pollen. The 
two specimens probably contained only small amounts of propolis, as in the 
collection the honeycomb close to the frame, where the propolis is most abundant, 
was excluded. 

Apart from their colour the specimens were very alike as may be seen from 
their properties listed in Table 4. No indication of the presence of sterols was 
obtained by the Liebermann-Burchard test, although 24-methylene cholesterol 
has been isolated from both queen and worker bees (Barbier and Schindler 1959). 

The infrared spectra of the two specimens were identical, having a strong 
ester absorption band and weaker absorption due to free acids. There was no 
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evidence of free hydroxy] although the hydroxy] value by the standard acetylation 
procedure was found to be 16. 

Saponification of the two specintens gave respectively 55 and 53° unsaponi- 
fiables and 45 and 46% of acids. 


(b) Hydrocarbons 

The hydrocarbons were easily isolated from the unsaponifiable fractions by 
chromatography on alumina, and comprised approximately 30°, of the unsaponi- 
fiable fraction. Gas chromatography has shown them to be entirely straight-chain 
and saturated. The compositions of the hydrocarbons from the two wax 
specimens shown in Table 2 are seen to agree closely. The small percentages of 
even carbon-numbered hydrocarbons is noteworthy (cf. Kranz et al. 1960). 

There was no indication of the presence of unsaturated hydrocarbons, as 
is suggested by Warth (1956), who includes “‘ melene ” (2-5°,) in his compilation 


TABLE 2 
HYDROCARBONS DERIVED FROM BEESWAX FRACTIONS (WT. %) 
Trace, indicates present but in too small amounts (c. 0-1%) to be estimated satisfactorily. 





| | | 
n-Paraffin Naturally Occurring | } 











| | | 
Hydro- | Hydrocarbons Monohydric } Hydroxy- 
carbon | a = a Alcohols ** Diols ” Acids acids 
Carbon No.| Wax A Wax B | 
12 | 0-3 | 0-4 
14 0-8 1-5 
16 | 50-5 48-5 
17 0-3 | 0-4 
18 | 8-5* | 9-8 
» Nos | os wus | tut OR 
2 race 0-97 4-1 
21 0-8 0-8 = - ssi 
22 0-3 0-2 Trace 2-0 | 1-6 
23 3-7 3-7 — 0-3 0-4 
24 0-6 0:4 11-9 15-2 17-5 8-2 
25 7°5 8-8 - -— Trace | 0-5 
26 CO 1-2 1-0 10-1 19-6 49 | 3-7 
27 26-8 30-1 Trace Trace Trace 0-3 
28 2-2 1-3 14-8 39-2 4-3 1-9 
29 19-3 16-5 Trace 2-6 Trace 0-5 
30 1-6 0-9 31-6 14:8 3-0 | spt 
31 20-8 19-0 Trace 2-2 Trace | 1-5 f* 
32 0-9 1-5 23-5 6°5 4-7 0-4 
33 13-8 15-5 — — 
34 5:4 20 |, 
35 -- 
36 2-7 





esters. 


+ Includes saturated and unsaturated acids in approximately equal proportions. 





* Consists of 7-8° mono-unsaturated and 0-7% saturated by examination of the methyl 


tA broad peak, of the range shown, 3-4% is not absorbed by the Linde Molecular Sieve 


column. 
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of beeswax constituents. ‘‘ Melene”’ cannot be considered as a natural con- 
stituent of beeswax as it is a complex mixture of hydrocarbons (Funke 1921) 
produced by dry distillation of the wax. 


(e) Alcohols 

Two well-defined fractions were obtained from the chromatogram of the 
unsaponifiable fraction of wax A by elution with more polar solvents after the 
removal of the hydrocarbons. The main fraction, amounting to 61% of the 
unsaponifiable material, had the characteristics of a mixture of long-chain 
monohydric alcohols. 

A small percentage of the unsaponifiable fraction (approximately 5%) 
was strongly held on the alumina column and was only eluted by a warm 
ethanol-chloroform mixture. The infrared spectrum of this fraction suggested 
the presence of secondary as well as primary hydroxyl groups. Its high melting 
point and its oxygen content suggest the presence of a high proportion of diols 
or other polyhydroxy compounds. By analogy with other waxes which have 
been found to contain diols corresponding to the hydroxyacids present (e.g. 
«f-diols in wool wax (Horn and Hougen 1953) and aw-diols in carnauba wax 
(Murray and Schoenfeld 1955)), one would expect secondary diols in beeswax 
to correspond to the hydroxyacids, one of which has been clearly established as 
14-hydroxypalmitic acid (Toyama and Hirai 1951a). This fraction is therefore 
referred to as ‘‘ diols’ but apart from the high melting point, oxygen content, 
straight-chain character and percentage chain-length composition, nothing 
further is known about it. Further examination such as isolation by amplified 
distillation of the acetates would be necessary to characterize them. 

Both alcohol fractions were reduced to the corresponding hydrocarbons 
and these were shown by absorption on Linde Molecular Sieve 5A to be entirely 
straight-chain. The percentage composition of the alcohols and “ diols” is 
shown in Table 2. The composition of the monohydric alcohols ranging from 
C,, to Cy, is substantially in accord with previous work discussed in Section I. 


(d) Acids 

The acids and hydroxyacids have been separated by chromatography of 
their methyl esters on magnesium trisilicate. Both fractions were then reduced 
in good yield to the corresponding mixtures of hydrocarbons through the sequence 
ester—alcohol—iodide—hydrocarbon, and these by gas chromatography gave 
the compositions in Table 2. 

The acids (65% of the total acids) are found to contain the C,, member as 
the major component with C,, as the next most abundant, and this agrees with 
reports of the isolation of palmitic acid (Buchner 1937) and of tetracosanoic 
acid from the longer chain acids (Holde and Bleyberg 1930). 

Since the above reduction yields only saturated hydrocarbens, the methyl 
esters of the acids were also examined by gas chromatography to determine 
whether they contain small amounts of shorter chain unsaturated acids, which 
would account for the small iodine number of beeswax. Examination on two 
stationary phases (Silicone E301 and poly-1,4-butanediol sebacate) has shown 
clearly that the C,, chain length includes mono-unsaturated acid : stearic acid 


‘ 
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in the ratio 9:1. This amount of mono-unsaturated C,, acid (8°% of the acids) 
is not sufficient to account for the observed iodine number of 10 but the pigments, 
especially the carotenoids (Barré 1942; Jaubert 1927; Tischer 1940) could be 
expected to take up appreciable amounts of iodine. 

The hydroxyacids, comprising 28°, of the total acids, show a chain-length 
distribution pattern resembling that of the acids but with more of the (C,, 
component (58-5°%) and correspondingly less of the C,, (9°8°%). That the C,, 
hydroxyacid is 14-hydroxypalmitic acid has been established by Toyama and 
Hirai (1951b) and since these workers isolated no homologues it must have been 
by far the major hydroxy acid. 

As it was considered that the C,, member might also be unsaturated, the 
acetylated methyl esters were gas chromatographed on Silicone E 301, only 
those of chain lengths up to and including C,, being eluted under the conditions 
employed. A plot of the results plotted suggests that the C,,, Cy, Cop, Coo, 
and C,, members belong to an homologous series and therefore that the C,, member 
is saturated. In the absence of reference compounds this can be regarded only 
as a probability and proof of the homology of the minor hydroxyacids with 
14-hydroxypalmitic acid would require that they be isolated (e.g. by amplified 
distillation of the acetylated methyl esters (Murray and Schoenfeld 1955)) and 
the position of the hydroxyl] located. 

All the hydroxyacids reduce to straight-chain hydrocarbons as indicated 
by their absorption by Linde Molecular Sieve, except some 3-4%, of the mixture 
which is not absorbed and appears in the chromatogram as a low peak covering 
the positions of n-C,, and n-C,,. Its character is unknown. 

It is noted that two odd carbon-numbered members, Cy, and C,;, are present 
in the hydroxyacid series and these are also present in the so-called “ diols ” 











TABLE 3 
CONSTITUENTS OF HYDROLYSED BEESWAX 
Weight | Weight 
Class by Class | sy 
| (%) | (%) 
Hydrocarbons <a a4 16 Acids “ } 31 
. , : } 
Monohydrie alcohols = 31 Hyavoxyacids.. oe | 13 
** Diols ” ry — a 3 Unaccounted (pigments, 
propolis, etc.) os | 6 








III. DiscussIoN AND CONCLUSIONS 

Beeswax has long been known to consist largely of esters with smaller 
amounts of paraffin hydrocarbons and free acids. The present investigation has 
not altered this general picture but has extended the knowledge of the hydro- 
carbons and the hydrolysis products of the esters. It has also indicated that a 
minor group of constituents, the “diols”, is present but the nature of this group 
can only be determined after isolation of the members. A large number of 
hydroxyacids has been shown to be present in addition to the C,, acid previously 
isolated and characterized, but these also need further investigation to find 
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whether they are homologous with 14-hydroxypalmitic acid. The free acids of 
beeswax have not been investigated as such but are included in the total acids 
obtained on hydrolysis. The classes of constituents were found to be present in 
the amounts given in Table 3. 

The most striking property of beeswax is its unusual degree of plasticity. 
This has been attributed by Toyama and Hirai (1951b) to the presence of esters 
of higher alcohols with hydroxyacids. However, from what we now know of its 
composition, this property of beeswax could depend on several factors : 


(i) The acids, both hydroxylated and unhydroxylated, have a short 
average chain length. 

(ii) The hydroxyacids—or at least the major component—have secondary 
hydroxyl groups so that when combined as esters the effect of a branched-chain 
is produced. 

(iii) The small percentage of C,, mono-unsaturated ucid present would have 
a softening effect on the wax. 

(iv) The appreciable proportion (16%) of n-paraffin hydrocarbons has a 
wide range of chain lengths (C,, to C33), and the amounts of C,,, Cy, and Cg; 
are almost equal with a smaller amount of C,,. A hydrocarbon with a wide and 
more or less even distribution of n-paraffins is known to be softer than a mixture 
having a narrow range of chain lengths (Minchin 1948; Turner, Brown, and 
Harrison 1955). 

It might be considered that beeswax could be derived in part from pollen 
waxes, since pollen pigments have been isolated from it (Tisher 1940). In view 
of the surprising uniformity of beeswax from Apis meliifica from various parts 
of the world, the close similarity of the hydrocarbons from the two specimens 
examined in this work, in conjunction with the widely different character of 
pollens from various plants (Lunden 1954; Nilsson, Ryhage, and Sydow 1957) 
render this unlikely. However, small amounts may be present. 


IV. EXPERIMENTAL 
(a) General 

The samples of beeswax were obtained from Mr. L. Ellis, Whitehorse Road, Melbourne. 
Wax A was from bees kept in the suburban area and wax B from bees kept at Heathcote, Victoria, 
where they frequented Hucalyptus species (chiefly “‘ grey box ’’, EZ. hemiphloia). Both samples 
are considered to be virgin wax as no foundation wax was used in the hives. The bees were the 
Italian race of Apis mellifica. 

Unless otherwise stated light petroleum refers to a fraction of b.p. 60-80 °C, free from aromatic 
hydrocarbons. 


(6) Properties of the Wax 

The wax was isolated from honeycomb which did not contain scrapings from around the 
frames as these may have a higher content of propolis. Honey was removed by extraction with 
water and after repeated washing the wax was pressed on a filter and dried over P,O, in vacuo. 
The brown wax thus obtained was extracted with hot light petroleum in a Soxhlet type extractor. 
Only a small amount of dark material did not dissolve and this consisted of insects and other 
debris. It was slightly sticky but yielded no more wax by further extraction. The wax was 
recovered by evaporation of the extract, the last traces of light petroleum being removed under 
vacuum. The properties of the two wax specimens are summarized in Table 4. Saponification 
and hydroxyl values were determined by the methods of Findley and Brown (1953). 
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The waxes showed only weak general absorption in the ultraviolet region (at a concentration 
of 5-6 mg in 25 mlhexane). The infrared spectra both as a Nujol mull and in carbon tetrachloride 
solution were almost identical, having a strang ester band at 1738 em—! with a distinct shoulder 
at 1710 cm? due to free acids. There was no evidence for free hydroxyl absorption either with 
a thick section of mull or in solution. The addition to the beeswax of 2-5% of its weight of cetyl 
alcohol showed weak but definite hydroxyl absorption either with a thick section of mull or in 
solution. 
TABLE 4 
PROPERTIES OF BEESWAX SAMPLES 








Property | Beeswax A | Beeswax B 
Colour .. a ‘a a Light yellow | Pale cream 
Melting point (°C)... ss | 64 64 
Acid value a - > 19 | 19 
Saponification value .. 7 89 91 
Hydroxyl value is <a 16 16 
Iodine value .. oe oo | 10 9 





(c) Separation of the Wax Components into Constituent Classes 


The scheme used to separate the components of hydrolysed beeswax into five constituent 
classes is set out in Figure 1. 


BEESWAX 


Saponification 
and extraction 





Calcium salts of total acids Unsaponifiable fraction 
Methylation Chromatography 
(aiumina) 


Methyl esters 


Chromatography 
(magnesium trisilicate) 











Simple esters Hydroxylated Hydrocarbons Alcohols * Diols ” 
esters (monohydric) 





Fig. 1.—Fractionation of beeswax components into classes. 


(d) Saponification of Beeswax 
Beeswax (1g) was refluxed with light petroleum (10 ml; boiling range 80-100°C) and 
ethanolic KOH soln. (20 ml; 0-5n) for 2hr. After addition of water (30 ml) the unsaponifiable 
matter was extracted by the method of Horn and Matic (1957). The residual alkaline aqueous 
alcoholic solution was evaporated to a small volume, acidified with dilute sulphuric acid, and 
extracted with hot light petroleum. Beeswax A yielded 55-4% unsaponifiables and 45-1% total 
acids. Beeswax B yielded 53-1% unsaponifiables and 46-3% total acids. 
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(e) Unsaponifiable Fraction 
The unsaponifiable fractions from both specimens of beeswax showed no significant ultra- 
violet absorption. In the infrared spectra made on thick sections of Nujol mull both showed 
very strong hydroxyl bands at 3340 cm~!, very strong absorption at 1066 cm—! due to primary 
hydroxyl, and weak absorption at 1132 cm™~? attributed to secondary hydroxy]. 


The unsaponifiable fraction from wax A was chromatographed on neutral alumina (Brockmann 
activity III to IV) to resolve it into three fractions, hydrocarbons, monohydric alcohols, and 
‘diols’. Because of the low solubility of the alcohols and diols in cold light petroleum a sample 
of the unsaponifiable fraction from wax A (1-10 g) was dissolved in hot light petroleum and the 
solution allowed to stand. The crystalline material which separated was filtered off and washed 
with cold light petroleum. The combined filtrate and washings were added to a column of alumina 
and elution with light petroleum gave the beeswax hydrocarbon fraction. This melted at 54—55 °C 
with sintering over a range of about 10 °C and its infrared spectrum was typical of the spectra 
of long-chain hydrocarbons. The yield was 0:34g amounting to 31% of the unsaponifiable 
fraction. 

The material which crystallized from the light petroleum solution (above) was then introduced 
onto the column in toluene solution and the main alcohol fraction was eluted by warm toluene 
(35-40 °C). This fraction was colourless, crystalline, and melted at 78-80°C. The infrared 
spectrum showed very strong hydroxyl absorption at 3270 cm~! and other bands at 1062-1072 em! 
(medium) and 1124 ecm! (weak). The yield was 0-67 g or 61% of the unsaponifiable fraction. 

Finally elution with hot chloroform containing 10% ethanol gave a fraction, m.p. 90—92 °C, 
in a yield of 0-06 g (5-5%). The crude acetate of this fraction did not crystallize well and melted 
at 47-50°C. The infrared spectrum showed strong absorption at 3300-3400 cm~! (hydroxyl) 
with other absorption bands of medium intensity at 1136 and 1055 em? (indefinite and extended) 
(Found: C, 76-°8%; H, 13-4%). 


(f) Acid Fraction 


To ensure the complete removal of unsaponifiable matter and the absence of estolidic material 





in the esters it was treated as follows. A sample of the acid fraction (2-81 g) was resaponified 
and the calcium salts of the acids precipitated by calcium chloride. These were filtered, dried, 
and powdered. Extraction with hot acetone removed only a trace of unsaponifiable material. 
The methyl esters were then formed directly from the calcium salts (Downing, Kranz. and Murray 
1960) by refluxing with methanol—benzene 1: 1 (300 ml) and sufficient conc. H,SO, to liberate 
the acids and give a 1% solution of acid. After 4 hr, water (300 ml) was added, the benzene layer 
separated, and washed repeatedly with water. Removal of the solvent gave the esters (2-95 g ; 
a.v., 1:0). Their infrared spectrum showed strong hydroxy] absorption at 3500 cem~! and strong 
ester absorption at 1744 cm 7}. 

The hydroxylated and simple esters were then cleanly separated by chromatographing the 
total esters dissolved in light petroleum on a column of magnesium trisilicate (100g; B.D.H. 
chromatographic analysis grade; activated by drying for 4hr at 250°C and then adding 3% 
of water). Light petroleum and light petroleum + 26% benzene eluted the simple esters (1-91 g) 
the infrared spectrum of which showed no hydroxyl absorption. Benzene eluted only traces of 
material. Finally chloroform eluted the hydroxyester fraction (0-83 g) the infrared spectrum of 
which showed strong hydroxyl absorption at 3400 cm! and strong ester absorption at 1740 em=?. 


(g) Reduction of Ester and Alcohol Fractions to Hydrocarbons 
The two ester and alcoholic fractions (Fig. 1) were reduced in high yield to the corresponding 
mixtures of hydrocarbons, which were analysed by gas chromatography. The reduction con- 
ditions used have been described previously (Downing, Kranz, and Murray 1960; Kranz et al. 
1960). This reduction by way of the iodides also reduces double bonds so that unsaturated 
components cannot be estimated in this way, and other means must be employed (e.g. Section 
(h) (iv) below). 
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(h) Gas Chromatographic Technique 


(i) Apparatus.—The apparatus used, employing a gas density meter as the detector, has 
been described previously (Downing, Kranz, and Murray 1960). The column packed with Silicone 
Elastomer E301 (10% on Celite 545, 60-85 mesh) was also as previously used. 


(ii) Conditions.—The chromatograms of the derived hydrocarbon mixtures and the natural 
hydrocarbons were run at a constant temperature of 270 °C with a flow rate of 30 ml/min and with 
charges of 1 or 2-5ul. Figure 2 is a representative chromatogram of the natural hydrocarbons 
from wax B. The hydrocarbon mixtures from the two acid fractions, found to cover a wide range 
of chain length, were separated more effectively using programmed heating of the column in the 
manner already described (loc. cit.). Figure 3 reproduces the chromatogram of the hydrocarbons 
from the unsubstituted acids. 

(iii) Identification of Hydrocarbons.—The direct comparison witl. chromatograms (made under 
identical conditions at constant temperature) of a series of normal paraffins of even carbon number 
Cy, t« C,,, and the plotting of retention times (from the air peak) against the carbon number, 
has shown that every peak in the six mixtures corresponds to a normal paraffin. For a number of 
minor components which formed low or ill-defined peaks, these methods were not as accurate. 
However, convincing proof that all the hydrocarbon mixtures, with one exception (see below), 
are entirely straight-chain in character, and are saturated, is provided by their absorption by a 
column of Linde Molecular Sieve 5A, when these mixtures were rechromatographed with this 
column attached to the outlet of the main column. The Linde Sieve column had previously 
been conditioned to separate singly-branched and straight-chain hydrocarbons derived from wool 
wax (Downing, Kranz, and Murray 1960). 





In the present work a reference sample of singly-branched hydrocarbons (C,,-C,,;) was first 
chromatographed and none of the separated hydrocarbons was retained by the sieve column. 
The sample of straight-chain hydrocarbons (C,,-C,,) was then introduced and this was totally 
absorbed. The six hydrocarbon mixtures were then examined and the two test samples again 
put through to ensure no change in activity of the sieve column. The only material in the six 
mixtures not absorbed was a trace in the range C,,—C,) in the hydrocarbon mixture from the 
non-hydroxy acids and 3-4% of that from the hydroxyacids. This latter material came through 
as a low peak and it was also evident in the corresponding chromatogram made without the 
sieve column. Here it extended as a low peak from the position of n-C,, to n-C,, with the peaks 
corresponding to Cy, and C,, superimposed upon it. 

(iv) Examination of the Acid Fractions for Unsaturated Components.—To investigate whether 
the shorter chain unsubstituted acids contained unsaturated acids, their methyl esters were 
examined by gas chromatography on the Silicone E301 column at 240°C and compared with 
the methyl esters of a series of n-alkanoic acids C,,—C,, and with methyl oleate. Although the 
resolution on this stationary phase of saturated and mono-unsaturated esters of the same carbon 
number is not complete it was sufficient to indicate that (a) the C,, acid was probably mono- 
unsaturated, (b) the C,, chain-length was approximately equally saturated and unsaturated, and 
(c) the remaining chain-lengths up to C,, were saturated. 


To achieve a better resolution of the C,, saturated and unsaturated esters, the esters were 
further examined on a polyester stationary phase (poly-1,4-butanediol sebacate, 15% on Celite 
60-85 mesh) at 200 °C (Craig and Munty 1959), and «ompared with a mixture of methyl oleate 
and methyl stearate. This clearly showed that the bulk of the C,, acids are mono-unsaturated 
with a peak of the retention time of methyl oleate and a small but pronounced shoulder corres- 
ponding to methyl stearate. The ratio mono-unsaturated C,,: stearic acid was approximately 
9:1. There was no evidence of C,, unsaturated acids thus providing further proof that 
palmitic acid is the main acid constituent. 

It was considered that the C,, member of the hydroxyacid series might likewise be largely 
unsaturated. The methyl esters were therefore acetylatec .nd the mixture of acetylated methyl 
esters was examined on Silicone E301 at 250 °C, at which temperature only the derivatives of the 
acids up to C,, were eluted. As no reference compounds were available the carbon number of 
the peaks was allotted by comparison of the gas chromatogram with that of the derived hydro- 
carbons. When the retention times of the C,,, Cy, Coo, Co: 
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log scale against the carbon number a straight line resulted, suggesting that they are members 
of an homologous series. Since the C,, member is saturated (14-hydroxypalmitic) it seems 
likely that the C,, member is likewise saturated. 

(v) Quantitative Estimation.—The quantitative estimation of constituents from the chromato- 
grams was made as described by Downing, Kranz, and Murray (1960). The results are given in 


Table 2. 
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STUDIES IN WAXES* 
XIX. THE STEM WAX OF THE GRASS LEPTOCHLOA DIGITATA 
By Z. H. Kranz,} J. A. LAMBERTON,} K. E. Murray,f and A. H. REDCLIFFET 
[Manuscript received January 31, 1961] 


Summary 

The stem wax of the grass Leptochloa digitata (R.Br.) Domin. has been examined 
mainly by gas chromatographic methods. The wax after hydrolysis has been shown 
to consist largely of straight-chain acids (54%) and n-paraffin hydrocarbons (21%). 
Straight-chain alcohols and ketones are also present, along with other alcohols and 
ketones which were not examined. 

A feature of the wax is the presence of small amounts of hydrocarbons with very 
long chains (2-5%) from which n-dohexacontane (C,4.H,.,) has been isolated and identified 
by its X-ray long spacing and melting point. 


I. INTRODUCTION 

Leptochloa digitata (R.Br.) Domin. (Gramineae) is a tall ‘* cane-grass ’? which 
is widely distributed in northern and north-eastern Australia. Its stem has a 
waxy coating which is easily detached from the mature plant and may amount 
to 2-°5-5-0°% of the air-dried stems (Hatt 1958). No chemical examination of 
this wax has been reported. Since its hardness and high melting point suggest 
possible commercial uses, an exploratory investigation was carried out mainly 
by the rapid gas chromatographic procedures previously reported from these 
Laboratories (Downing, Kranz, and Murray 1960; Kranz et al. 1960). 


II. EXAMINATION OF THE WAX AND ITs HyDROLYSIS PRODUCTS 
(a) The Wax 

The sample of wax on which most of the work was done was obtained by 
solvent extraction of stem scrapings from grass collected near Oakey in southern 
Queensland. This had an acid value of 55 and a saponification value of 80 
showing that a large proportion of the acids was in a free state. A second sample 
collected near Yelarbon with an acid value of 41 and a saponification value of 
60 contained a smaller amount of free acids. Saponification of the first sample 

yielded 54-1°% by weight of acids, and 42-4°% of unsaponifiable material. 


(b) Acids 
Examination of a specimen of wax carefully scraped from the stem confirmed 
that the acids are constituents of the wax on the plant, and not, as found with 
sugar-cane cuticle wax, artefacts produced from aldehydes by aerial oxidation 
during extraction (Lamberton and Redcliffe 1960). From the hydroxyl value 
of the methyl esters it was calculated that the total acids from the saponification 


* For Part XVIII, see p. 253. 
+ Division of Organic Chemistry, C.S.I.R.O. Chemical Research Laboratories, Melbourne. 
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contained about 18% of hydroxyacids. No attempt was made to separate 


the hydroxy- and non-hydroxyacids. The methyl esters were reduced 
to the corresponding saturated” hydrocarbons by the reaction sequence 


methyl ester—alcohol—iodide—hydrocarbon (Kranz et al. 1960), and examination 
of the resulting mixture of hydrocarbons by gas chromatograpliy showed that 
Cz. was the predominant chain length amounting to 58-59%, of the total (see 
Table 1). The total absorption of these hydrocarbons on a column ofgLinde 
Molecular Sieve 5A in the course of gas chromatography established that the 


acids are entirely straight chain in character. 


TABLE 1 


COMPOSITION OF LEPTOCHLOA WAX (wT. %) 


























" , Acids and Natural Crude Distilled 
Fraction % 7 : 
of Wax Hydroxy- Hydro- Ketonic Alcohols 
(carbon No.) acids carbons* Fraction Fraction 
54% } 21% | 8% 6% 
MGR Te. abd na ED: | 
19 | 0-2 | 
20 0-6 
21 0-3 | 
22 | 1-2 
23 0-4 0-6 | 
24 1-9 0-8 Trace 0-5 
25 0-8 2-2 | 0-3 1-0 
26 6-6 2-0 0-3 1-5 
27 1-4 4-9 1-0 | 2-0 
28 7-0 4-5 | 1-0 | +5 
29 2-6 9-6 1-5 5-0 
30 8-6 11-2 2-5 15-5 
31 9-9 | 58-1 | 6-5 30-5 
32 58-5 + 12-0 16-5 
33 6-1 
Non-straight Nil Nil 75 ) 


chain material 


hydrocarbon fraction (Cy), 2-5% of the wax. 


* Very long chain 
+ Cy. is present in small amounts but proximity to the large C,, peak made 
estimation difficult. 


(ec) Hydrocarbons 

Fifty per cent. of the unsaponifiable fraction consisted of saturated hydro- 
carbons readily soluble in light petroleum and separable by chromatography on 
alumina. Examination by gas chromatography with and without the use of a 
molecular sieve column showed that they were composed entirely of n-paraffins 
having the percentage chain length composition shown in Table 1. The Cy, 
compound predominates but the distribution pattern is unusual in that it shows 
percentage increasing with increase in chain length from C,, up to C;, but with 
only a small amount of C,,. Chain lengths of even carbon number are present 
in considerable amounts, C,, to the extent of 12%. 
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A second hydrocarbon fraction, clearly distinguished from the main hydro- 
carbon fraction by its insolubility in light petroleum at room temperature and 
by its much higher melting point (90-95 °C), has been separated from the 
unsaponifiable fraction of which it constitutes 6%. Chromatography on alumina 
to remove traces of ketonic material and several recrystallizations, yielded a 
colourless crystalline material melting at 99-5-100-0 °C and showing complete 
absence of ketonic and hydroxyl absorption in the infrared. It had an X-ray 
long spacing of 80-6 A and the number of orders present and the absence of other 
spacings indicated a compound of reasonably high purity. Comparison with the 
published A spacing of synthetic n-paraffins indicated a chain length of 62 
carbon atoms and this conclusion agreed reasonably well with its melting point. 


(d) Ketones 

A ketonic traction, consisting of approximately 19°, of the unsaponifiable 
material, was eluted after the hydrocarbons during the chromatography of the 
unsaponifiable fraction. Its infrared spectrum showed a broad irregular carbonyl] 
band in the region of 1700 cem-!. A Wolff-Kishner reduction of this fraction 
gave a mixture of hydrocarbons but in only 50% yield. Examination of this 
mixture with and without the Linde Sieve column showed that only 25% was 
straight chain, ranging from C,, to Cz, with Cs. in the largest amount (12% of 
the whole). The hydrocarbon material not retained by the Linde Sieve column 
appeared in the chromatogram as a broad irregular peak covering the whole 
range of the straight chain hydrocarbons. 


(e) Alcohols 
The strongly retained alcohol fraction was eluted from the alumina column 
with chloroform—ethanol and comprised approximately 26° of the unsaponifiable 
material. It was not completely soluble in hot absolute ethanol and some 
insoluble resinous material was discarded. The fraction was then distilled and 
the distillate, amounting to 50°, of the crude alcohol fraction, appeared as 
colourless crystals (m.p. 80-81 °C) which gave a weak Liebermann-Burchard 
test. The hydrocarbons prepared from the distillate were examined by gas 
chromatography as described above and this revealed that 80% was straight- 

chain with C,, as the principal chain length. 


III. DiIscussIoN AND CONCLUSIONS 

The main constituent class of compound in the wax of Leptochloa digitata 
is shown to be straight-chain acids amounting to 54°% of the wax and of which 
half is in the free state. Chain lengths from C,, to Cy, are present and their 
distribution pattern with C,, predominating to the extent of 58-5% is most 
unusual for constituents of a wax and is also observed in the distribution pattern 
of the naturally occurring hydrocarbons (see below). The acids include some 
hydroxyacids the nature of which is not known, but they are most likely to be 
w-hydroxyacids as in carnauba wax (Murray and Schoenfeld 1955). 

The hydrocarbons are the next most abundant class of compound (27% 
of the wax) and these occur in two well-defined fractions. The main one (21% 
of the wax) contains n-paraffins from C,, to C3, with C,, predominant. This 
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unsymmetrical distribution of chain lengths has not been observed before in 
wax constituents and is compared by means of the gas chromatograms in Figure 1 
with the distribution of the hydrocarbons of beeswax which shows a fairly 
symmetrical pattern covering a wide range, and with that of the hydrocarbons 
from sugar-cane wax where one chain length (C,,) is predominant. The relatively 


large amounts of n-paraffins of even carbon number (C,, and C,,) in Leptochloa 
wax are also unusual. 























T 
° 10 20 30 40 MIN 


Fig. 1.—Comparative chromatograms of the hydrocarbons of A, beeswax, B, sugar-cane 


cuticle wax, and C, Leptochloa wax. 


The second, higher-melting fraction of hydrocarbons (6%) could not be 
investigated by gas chromatography, but it possibly has a chain length distri- 
bution similar to that of the first fraction but with the chain lengths doubled. 
This would account for the improvement in melting point on recrystallization by 
the elimination of shorter chains, giving a moderately pure sample of the major 
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component ©,.H,., in which the chain length is double that of the major com- 
ponent C,,H,, in the main fraction. 

This appears to be the first record of the isolation from a wax of a hydro- 
carbon with such a long chain length. It seems possible however that small 
amounts of hydrocarbons of doubled chain length may occur widely in the 
hydrocarbon fraction of waxes and yet be overlooked. Downing, Kranz, and 
Murray (1960), investigating the small hydrocarbon fraction of wool wax, found 
it to be largely n-paraffinic but only 30°% was eluted up to a chain length of Cg,, 
at which chain length the distribution pattern appeared to be complete. The 
inference from the present work is that the unchromatographed portion of the 
wool wax hydrocarbons may consist of doubled chain lengths in the range C,, 
to C;s.. 

Except to show the presence of straight chain compounds, the alcohol and 
ketone fractions have not been examined. Spectroscopic evidence indicates 
that the ketone fraction contains conjugated ketones and is probably a complex 
mixture, while the Liebermann-Burchard test indicates that sterols are present 
in the alcohol fraction. The infrared spectrum suggests that the straight-chain 
alcohols are primary but they have not been fully characterized and it would be 
unusual for n-alcohols of odd carbon number (C,,) to predominate. 

The physical properties of this wax, which resemble those of carnauba wax 
more closely than do those of sugar-cane wax, suggest it may be of some com- 
mercial value. Its high free acid content offers possibilities of modification by 
esterification. The grass is widespread and the yield is high but the cost of 
collection and recovery would probably exclude exploitation. The present work, 
however, could draw attention to other waxes from grasses of the cane grass 
type. For instance Smith (1922) has described the wax of Australian bamboo 
grass (Hragrostis australiana syn. Glyceria ramigera F.Muell.) which is also easily 
separable from the plant in high yield (2-6), and which resembles Leptochloa 
wax in having a similar high melting point (82 °C), a high acid value (54), and 
saponification value (89-4). 


IV. EXPERIMENTAL 

(a) Recovery of the Wax.—The main sample of wax used in the present work was obtained 
from grass collected in March 1958 at Oakey in southern Queensland. A second sample was later 
obtained from material collected at Yelarbon, also in Queensland. The rather loose waxy coating 
on the stem was removed by gentle scraping with a knife, and after sieving to remove coarse 
fibres, the scrapings were extracted with benzene in a Soxhlet extractor. Removal of the solvent 
yielded a hard light brown wax which constituted about 80% of the scrapings and 2-5-5-0% 
of the weight of the air-dried stems. Further extraction of the dark brown residue with chloro- 
form produced no further wax. 

(b) Properties of the Wax.—(i) Sample from Oakey. Sp. gr. 0-9970; m.p. 81-82 °C; colour 
light brown ; Brinell hardness 4-8 ; acid val. 55-3; sap. val. 79-8; hydroxyl val. 22; iodine val. 
(Wij’s, 1 hr) 16-9 (Found: C, 80-2; H, 13-0%). The infrared spectrum (Nujol mull) showed a 
broad weak band at 3300-3400 cm~!, and a strong band at 1712 em~! (free acids) with a shoulder 





at 1740 em! (ester). The ultraviolet spectrum showed only a low general absorption. The wax 
gave a positive but weak Liebermann-Burchard test (light brown—light purple). 

The acid value of the wax was unaltered by melting the wax in air. Wax scraped directly 
from the stem had an acid value and an infrared spectrum identical with those of the wax refined 


by solvent extraction. This thereby eliminated the possibility of the acids being derived from 
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aldehydic constituents of the wax by aerial oxidation during extraction (cf. Lamberton and 
Redcliffe 1960). 

(ii) Sample from Yelarbon. Properties similar to (i) but with an acid val, 41 and a sap. val. 
59-7. 

(c) Saponification of the Wax.—The wax (Oakey sample, 2-00 g), ethanolic KOH soln. 
(40 ml; N) and light petroleum (60 ml; boiling range 80-100 °C) were refluxed for 9 hr under 
nitrogen. After addition of water (25 ml) the unsaponifiable fraction was separated by the method 
of Horn and Matic (1957) using more hot light petroleum for extraction. 

The unsaponifiable fraction amounted to 42-4% of the wax, m.:. .i at 68-73 °C, and had an 
hydroxyl value of 32 (Found: C, 82-0; H,13-0%). The infrared spectrum (Nujol mull) showed 
a medium, broad, unsymmetrical band at 3300-3500 cm-! and a broad-based medium band in the 
1700 cm-? region. In the ultraviolet there was only low general absorption. 


However, the wax from Yelarbon yielded an unsaponifiable fraction with an infrared spectrum 
showing absorption due to conjugated carbonyl, and this was also apparent in the ultraviolet 
spectrum with maxima at 2 221 my and ) 267 my having E}% of 46 and 15 respectively. 

(d) Acids.—The solution of soaps was acidified with dil. H,SO, and the liberated acids 
extracted with hot light petroleum. The recovered acids, 54-1% of the wax, had a melting 
range of 85-95 °C and an equivalent weight by titration of 490 (Found: C, 78-7; H, 12-8%). 
The infrared spectrum (Nujol mull) showed weak absorption over the range 3300-3600 em-? 
and typical acid absorption bands. 

The methyl esters were formed in the usual way and gave on saponification an equivalent 
weight for the acids of 497. They had an hydroxyl value of 20 and the presence of free hydroxyl 
was also indicated in the infrared spectrum by a weak absorption from 3400-3600 em-!. Assuming 
only monobasic and monohydroxyacids to be present, the content of hydroxyacids in the total 
acids has been calculated from the acetyl value of the esters as 18%. 

No attempt was made to separate the hydroxy- and non-hydroxyacids and the total methyl 
esters were reduced to a mixture of the corresponding hydrocarbons (m.p. 55-57 °C) for deter- 
mination by gas chromatography of the chain length distribution of the total acids. The reaction 
sequence Me ester—alcohol—>iodide—hydrocarbon was used with the experimental conditions 
described by Kranz et al. (1960). 

The gas chromatographic apparatus and technique employed have been described previously 
(Downing, Kranz, and Murray 1960; Kranz et al. 1960). It suffices therefore to state that the 
hydrocarbon mixture from the acids, and other hydrocarbon fractions (below), were examined by 
gas chromatography in two ways. First they were chromatographed at 270 °C under comparable 
conditions with a reference series of n-paraffins C,, to C,,. Each of the components of the hydro- 
carbon mixture from the acids was found to correspond in retention time with a n-paraffin. 
Secondly, further and conclusive proof that the components were straight chain was afforded by 
rechromatographing the hydrocarbon mixture with the inclusion in the apparatus of a column of 
Linde Molecular Sieve 5A, this packing having been conditionec .» absorb only n-paraffins. The 
total absorption of the hydrocarbons from the acids showed them to be entirely straight chain, 
the percentage chain length distribution being as in Table 1. 

(e) Unsaponifiable #raction.—Chromatography of the unsaponifiable fraction on a short 
column of alumina (activity III/IV) yielded four distinct fractions by the procedure described 
below. 

(i) Hydrocarbons soluble in Cold Light Petroleum. A sample of the unsaponifiable fraction 
(0-80 g) was dissolved in hot light petroleum (boiling range, 60-80 °C ; 60 ml) and the solution 
allowed to cool to room temperature when much crystalline material separated. This was filtered 
off and the crystallization repeated from a similar volume of light petroleum. The combined 
filtrates were then added to the alumina column at room temperature, and the fraction rapidly 
eluted by light petroleum was collected. This was a colourless crystalline wax, m.p. 58-60 °C, 
shown by its infrared spectrum to consist solely of hydrocarbons. The yield from several similar 
chromatograms was in the range 0-38—0-40 g, or 48-50%, of the unsaponifiable fraction. This 
mixture examined by gas chromatography as described under (d) was found to consist entirely of 
n-paraffins with the composition given in Table 1. 
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(ii) Hydrocarbons Insoluble in Cold Light Petroleum. The portion of the unsaponifiable 
fraction which crystallized from cold light petroleum on standing [(i) above] was dissolved in 
hot light petroleum and the solution added to the same alumina column at 40-45 °C. The first 
fraction eluted at this temperature (0-05 g ; 6% of the unsaponifiable fraction) melted at 90—95 °C, 
and had a very weak carbonyl absorption band at 1705 cm in its infrared spectrum (Nujol 
mull) (Found: C, 84-3; H, 14-3%). This fraction was rechromatographed on alumina, crystal- 
lized twice from amy] acetate and then once from light petroleum to give colourless crystals which 
melted at 99-5-100-0 °C, and had an infrared spectrum (Nujol mull) showing no absorption other 
than that due to hydrocarbon. This crystalline material had an X-ray long spacing of 80-4-+-0-4 A, 
the absence of other spacings and the many orders present indicating a compound of considerable 
purity. Since the A crystal form is the usual one for n-paraffins longer in chain length than C,, 
(Piper et al. 1931 ; Robertson 1953) the above spacing was fitted to the straight line plot of chain 
length against A spacing for the synthetic n-paraffins Cy,, Cy, Ceo, Ceo, and Cy. (Stallberg, 
Stallberg-Stenhagen, and Stenhagen 1952; Robertson 1953). On this basis the observed spacing 
corresponded to a n-paraffin of 62 carbons. 

The above evidence is supported by the melting point of the sample, 99-5-100-0 °C which 
agrees reasonably well with a value of 100-3-100-7 °C calculated for n-C,,H,,, from the melting 
points of the C59, Cyp, and C,) n-paraffins of Carothers et al. (1930) and a value of 100-9 °C from the 
empirical formula of Etessam and Sawyer (1939) (Found: C, 85-1; H, 14-8%. Cale. for 
CosHio,: C, 85-4; H, 14°6%). 

(iii) Ketone Fraction. Continuing the solvent chromatographic procedure from (ii) above, 
further elution with hot light petroleum gave a fraction (0-15g; 19% of the unsaponifiable 
fraction) having an extended band in the carbony] region of its i.r. spectrum (1700 cm-!).* This 
material melted at approximately 95°C. Wolff-Kishner reduction in diethylene glycol solution 
at 200°C for 20 hr yielded hydrocarbons (m.p. 64-65 °C) in approximately 50% yield. These 
were examined by gas chromatography as described above and found to consist of approximately 
25% straight-chain paraffins of the composition shown in Table 1, and 75% non-straight chain 
material. The latter appeared in the chromatogram without the Linde Sieve column as a broad, 
low, irregular peak upon which the peaks of the n-paraffins were superimposed. The absence of 
any clear separation by gas chromatography of this non-straight chain material suggests that it 
is a complex mixture. 

(iv) Alcohol Fraction. The strongly adsorbed part of the unsaponifiable fraction was recovered 
from the alumina column with hot chloroform-ethanol. This crude alcohol fraction (0-21 g; 
26% of the unsaponifiable fraction), light brown in colour, was not completely soluble in hot 
ethanol and the hot solution was decanted from some insoluble dark resinous material which was 
discarded. The soluble portions from several similar chromatograms were combined and distilled 
under reduced pressure giving a distillate boiling from 220-240 °C at 1mm and amounting to 
approximately 50% of the crude alcohol fraction. The distillate crystallized readily ‘(m.p. 
80-81 °C) and as a Nujol mull showed hydroxy] absorption in the infrared at 3300 em-! (strong) 
and at 1060 cm-! with very weak carbonyl absorption at 1710cm~!. Apart from the slight 
carbonyl absorption this spectrum strongly resembled that of a normal long chain alcohol. 
However, the melting point (65-68 °C) of the acetylated derivative appeared to be too high for a 
normal alcohol mixture melting at 80-81 °C, and analysis gave C, 80-5; H, 12-8; CH,CO, 6-7%, 
the acetyl percentage appearing low by comparison with, for example, the calculated values for 
n-octacosanyl acetate (C, 79-6; H, 13-4; CH,CO, 9-5%). The distilled alcohols gave a 
Liebermann-Burchard test of moderate intensity (brownish purple). 


The distilled alcohols after reduction to the corresponding hydrocarbons were examined as 


described under (d), and found to contain only about 80% of straight-chain hydrocarbons of the 


* The spectrum of the corresponding fraction from the Yelarbon wax sample, however, 
showed distinct conjugated carbonyl absorption having bands at 1760 cm~! (weak), 1690 cm! 
with a shoulder at 1720cm-! and at 1643cm~-!. Conjugated carbonyl absorption was also 
apparent in the ultraviolet spectrum of this fraction with maxima at 2 226 my and A 277 my 
77 


0 
having FE} om and 16 respectively. 
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composition given in Table 1, with C,, as the principal chain length. The material not retained 
by the Linde Sieve column appeared as in the ketone fraction as a broad peak, having similar 
range. 
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V. PREPARATION OF PURE HUMULENE 
By R. P. HILDEBRAND* and M. D. SUTHERLANDT 
[Manuscript received November 30, 1960] 


Summary 
Humulene may be purified by recrystallization of the silver nitrate adduct, 
C,;H.,.2AgNO,, followed by regeneration of the hydrocarbon by either steam distillation 
or treatment with aqueous ammonia solution. The pure hydrocarbon, isolated as 
above from the essential oil of Agonis abnormis, has b.p. 123 °C/10 mm, [aly +0-0°, 


25 RNIRE 25 772 
np 1-5015, and dy 0-8865. 


[. INTRODUCTION 

Chapman in 1895 first recognized as a new sesquiterpene, the hydrocarbon 
humulene which he isolated from oil of hops. Humulene was characterized by 
numerous derivatives and was assumed from the slight optical activity of two 
preparations (+1-5 and —0-5°) to be optically inactive. Later Detssen (1911) 
was able to demonstrate the presence of humulene in clove oil and subsequently 
many other sources have been found. 

Nevertheless the isolation of pure humulene has not been accomplished, 
since the preparations previously described in the literature do not agree in 
physical constants with the pure material described below and notably show 
substantial optical rotations due to the presence of optically active contaminants , 
Sorm et al. (1949) re-isolated humulene from oil of hops by fractional distillation 
followed by chromatography on alumina to yield a product of rotation 
[a]p +1-03°. A preparation (“ «-caryophyllene ’’) from clove oil sesquiterpenes 
by Herout et ai. (1949) showed [a]p +1-0° (CHCl,). Again the “ very pure 
humulene ”’, a; 0-8965, ny) 1-5020, and [a] +1-07° prepared by Sorm et al. 
(1951) shows that the chromatographic technique is inadequate for the preparation 
of the pure hydrocarbon. Wolfram and Mishkin (1950) referred to the prepara- 
tion of an “ optically inactive ” sample, np 1-5035 by distillation and chromato- 
graphy of hop oil but no additional details have been published. Clemo and 
Harris (1952) recorded [«]p +0-39° for a preparation obtained from Didymocarpus 
pedicellata oil by chromatography but they, and Clarke and Ramage (1954) also, 
avoided the difficulty of purifying the hydrocarbon by degrading the crystalline 
nitrosochloride. 

It is clear from a study of the literature that the impurities present in the 
hydrocarbon preparations mentioned above and in other reported preparations, 


* Chemistry Department, University of Queensland, Brisbane; present address: Central 
Research Laboratory, Carlton United Breweries Ltd., Melbourne. 
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have contributed to the difficulty of assigning the correct structure to humulene. 
We here describe the convenient method by which pure humulene has been 
isolated from the essential oil of Agonis abnormis but discussion of the proof of 
structure (Hildebrand, Sutherland, and Waters 1959) is reserved for a later 
paper in this series. 


II. DiIscussIoN 

The fraction, b.p. 120-124 °C/10 mm from A. abnormis leaf oil, which was 
known to contain aromadendrene (Jones and Lahey 1940) and humulene (Klein 
and Lahey 1951), was fractionated in a Podbielniak Hypercal still, using a reflux 
ratio of 50, to yield as the purest humulene fraction, material of b.p. 123 °C/10 mm, 
[aly —1-2°, ne 1 -5017, and d;? 0-8883. The trend of the physical constants 
of the successive fractions, however, did not justify attempts at further puri- 
fication from the close-boiling aromadendrene by distilling at a higher reflux ratio. 

The utility of silver nitrate adducts in the separation and purification of 
cyclo-octadienes (Jones 1954) and other olefins prompted an attempt to extract 
humulene into silver nitrate solution as a means of separating it from aroma- 
dendrene. Humulene was found to dissolve readily in 50% w/w silver nitrate 
solution unlike aromadendrene and most sesquiterpenes. Eventually an adduct 
C,;H.,.2AgNO,, m.p. 175 °C (decomp.), separated from the solution in crystalline 
form. The adduct may be recrystallized from ethanol, thus permitting the 
complete elimination of other adductable sesquiterpenes, e.g. caryophyllene. 
Recovery of the purified humulene from the adduct in 97°% yield may be accom- 
plished by either steam distillation of the adduct or by dissolution in aqueous 
ammonia. 

The regenerated hydrocarbon had zero optical activity and evidence of 
homogeneity was provided by the single peak without shoulders resulting from 
gas chromatography on Apiezon M at 170 °C and by the complete uniformity 
of physical constants of all fractions obtained on fractional distillation. 

Although coordination with silver ion is not known to lead to isomerization, 
it was considered desirable to prove rigorously that the regenerated hydro- 
carbon was identical with Chapman’s sesquiterpene, to which the name humulene 
properly belongs. Both regenerated humulene and the impure isolate from 
A. abnormis oil yielded the characteristic trioxide prepared by Sorm et al. (1949) 
from hop oil humulene. The nitrosochloride, nitrolpiperidide, nitrolbenzylamine, 
and the nitrosate prepared from = ~° samples were identical, and all showed 
substantial agreement with Chapn s description of his derivatives. 

The hydrocarbon obtained vy this procedure is then by contrast to all 
previously described preparations, a pure sample of humulene, the characteristic 
physical constants of which are b.p. 123 °C/10 mm, [alp 0-00°, nB 1-5015, 
dP 0-8865, and end-absorption (< 3050) at 220 mu. 

The adduction of humulene with silver nitrate may also be applied to the 
extraction of humulene from sources of low humulene content such as the clove 
oil sesquiterpenes. Thus commercial “ caryophyllene” containing 13% of 
humulene, when shaken with the theoretical amount (for adduct formation) of 
silver nitrate in 50% solution, yielded an aqueous phase from which was isolated 
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by distillation, a 50% yield of humulene contaminated by only 12% of caryo- 
phyllene. This product is well suited for the preparation of the crystalline 
humulene adduct so that humulene is now the sesquiterpene most readily 
available in pure form. 


III. EXPERIMENTAL 


Melting points are not corrected. Analyses are by Mr. J. Kriauciunas, University of Queens- 
land, and Dr. K. W. Zimmerman, C.S.I.R.O. and University of Melbourne Microanalytical 
Laboratory. 

(a) Isolation of Humulene—Silver Nitrate Adduct.—The fractions, b.p. 120-124 °C/10 mm, 
obtained from the fractional distillation of A. abnormis oil in a 1-25 m Dixon ring-packed still 
under reflux ratio c. 35, were diluted with light petroleum and stirred with an equal volume of 
50% aqueous silver nitrate (w/w). Colourless needles of adduct began to separate almost 
immediately with the evolution of heat. The precipitate was filtered after standing, was washed 
with light petroleum, and dried in vacuo. The crude product from 560 ml of humulene concentrate 
weighed 666g. An aromadendrene-rich oil containing some caryophyllene and other sesqui- 
terpenes was recovered from the light petroleum. Fractions rich in caryophyllene may yield 
a gummy precipitate of the caryophyllene adduct which can be crystallized under favourable 
conditions but is easily removed from the humulene adduct by crystallization from ethanol. 


The adduct was crystallized several times from aldehyde-free 95% ethanol, 6 g of adduct 
requiring about 100 ml of boiling alcohol for dissolution and yielding about 4g of crystalline 
product on cooling. Repeated crystallization yielded humulene-silver nitrate adduct, m.p. 
175-175-5 °C (decomp.) (capillary tube), m.p. 179 °C (copper block) (Found: C, 33-4; H, 4-5; 
Ag, 39:7%. Cale. for C,,;H.,.2AgNO,: C, 33-2; H, 4:4; Ag, 39-5%). The adduct is stable 
on storage in the dark at 5 °C. 

(b) Regeneration of Humulene from Adduct.—(i) Adduct (5 g) was dissolved in an excess of 
saturated NH, soln., liberating an oil which was taken up in ether. After washing with water 
and drying, the ether solution was evaporated to yield 2-0 ml of humulene. 

(ii) Adduct (21-4 g) was refluxed with water (300 ml) under an oil trap to yield 8-8 ml (97% 
yield) of hydrocarbon of (a}p 0-0°. 

(c) Fractional Distillation of Regenerated Hydrocarbon.—Regenerated hydrocarbon was 
fractionated under reflux ratio 10 and 10 mm pressure through a still containing 1 m of Bower- 
Cooke packing to yield seven fractions totalling 35-5 ml, all of which boiled at 123 °C/10 mm, 
and showed nv 1-5015, e 0-8865, and [alz 0:00°. The ultraviolet light absorption was 
measured in ethanol: 220 muy, log « 3-48; 230 mu, loge 3-15; 240 muy, loge 2-31. 

(d) Derivatives of the Regenerated Hydrocarbon.—(i) Trioxide. Humulene (1-58 g) was 
allowed to stand for 4 days in an ether solution (102 ml) of perphthalic acid (9-5 g) after which 
the solution was worked up in the usual way to give 1-94 g of oil, which crystallized on treatment 
with ethanol. Two crystallizations from hexane-ethanol yielded humulene trioxide, m.p. 
122-122-5°C (Found: C, 71:3; H, 9:6%. Calc. for C,;H.,0;: C, 71-4; H, 9:6%). The 
melting point was not depressed by admixture with the trioxide similarly prepared from crude 
Agonis humulene concentrate. 

(ii) Nitrosochloride. Humulene (1:99 g) was treated with ethyl nitrite and conc. HCl in 
methanol-acetic acid soln. The crystalline product (2-56 g) after recrystallization from chloro- 
form-ethanol yielded the nitrosochloride, m.p. 172 °C (decomp.). Crude humulene concentrate 
from Agonis oil yielded an identical product (m.p. and mixed m.p.) in lower yield. The literature 
records a range of melting points for this nitrosochloride, probably because of the concurrent 
decomposition, e.g. 164-165 °C (Chapman 1895), 176 °C (Chapman 1928), 173-174 °C (Clemo and 
Harris 1951), and 177°C (Clarke and Ramage 1954). 

(iii) Nitrolpiperidide. Nitrosochloride was heated on the water-bath with piperidine to 
initiate a vigorous reaction. The residue crystallized on trituration with ethanol, to yield the 
nitrolpiperidide, m.p. 146-148 °C, raised by one crystallization from ethanol to maximum m.p. 
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148-149 °C (Found: C, 75-4; H, 10-9; N, 9-0%. Cale. for C,.H,;,N,0: C, 75-4; H, 10-8; 
N, 8-8%). Crude Agonis humulene concentrate yielded an identical nitrolpiperidide (m.p. and 
mixed m.p.). : 

Whereas the literature records somewhat higher melting points for this compound, e.g. 
153 °C (Chapman 1895), 154-155 °C (Clemo and Harris 1951), the melting point recorded above 
was not changed by recrystallization from a variety of solvents. 

(iv) Nitrolbenzylamine. The nitrosochloride, heated with benzylamine on the water-bath 
for 2 hr, yielded the nitrolbenzylamine, m.p. 136-137 °C, from ethanol. Chapman (1928) records 
m.p. 136 °C. 

(v) Nitrosate. Hydrocarbon (0-82 ml) was converted to a colourless crystalline product 
(0-54 g) by Chapman’s (1895) procedure. The crude product yielded rosettes of needles from 
benzene as described by Chapman. The decomposition point varied from 161 to 165 °C, with the 
duration and rate of heating. Chapman (1895) records m.p. 163 °C. 
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Summary 
Bisnoriridodial and _ cis-bisnoriridolactone have been synthesized. The 1,5- 
dialdehyde-8-lactone rearrangement of the former compound is compared with that 
of iridodial. The insecticidal activity of the naturally occurring iridolactones, and of 
related synthetic compounds, is reported. 


I, INTRODUCTION 
Syntheses of the naturally occurring lactones, iridomyrmecin (I) and 
isoiridomyrmecin (II), and of the related 1,5-dialdehyde, iridodial (III), have 
recently been described (Clark et al. 1959; Korte, Falbe, and Zschocke 1959). 
Current interest in these Dolichoderine ant extractives relates in part to their 
potential application as insecticides (cf. Pavan 1952), and thus, syntheses of 
some model compounds have been reported in addition to those of the natural 
products (Cavill et al. 1958; Trave, Merlini, and Garanti 1958; Korte, Falbe, 

and Zschocke 1959; Fray and Robinson 1960). 


0 0 
0 0 


(I) (II 


OH 
CHO 
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This paper presents in detail the chemistry of bisnoriridodial and the bis- 
noriridolactones. In particular, the 1,5-dialdehyde-d-lactone rearrangement 
which led to the inter-relation of iridodial with isoiridomyrmecin (Cavill, Ford, 
and Locksley 1956 ; Cavill and Ford 1960) has been confirmed in the bisnor-series. 





(III) 
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II. BicycLo[3,3,0 JocTAN-3-ONE 

cis-Bicyclo[3,3,0}octan-3-one (IV), which has been prepared essentially 
by the method of Linstead and his colleagues (Linstead and Meade 1934 ; Barrett 
and Linstead 1935), is the starting material for the synthesis of the bisnor- 
compounds. Ethyl 2-oxocyclopentylacetate (Linstead and Meade 1934) is 
condensed with ethyl cyanoacetate in the presence of an ammonium acetate— 
acetic acid catalyst (Roberts and Gorham 1952), to give ethyl «-cyano-«-2-ethoxy- 
carbonylmethyleyclopentylideneacetate. This intermediate is reduced with 
aluminium amalgam, and the product hydrolysed, to yield a mixture of cis- 
and trans-cyclopentane-1,2-diacetic acids (9:1 approximately). An alternative 
hydrogenation of the cyclopentylideneacetate in the presence of a paliadized 


TABLE | 


SPECTROSCOPIC DATA FOR THE BICYCLO-OCTANONES 














Compound Amax. € | Solvent Vmax. Solvent 
(mu) (em) 
cis-Bicyclo[3,3,0 Joctan- 287 2] Ethanol 1752 Benzene 
3-one 
trans-Bicyclo[3,3,0]- 288 34 Ethanol 1758 Benzene 
octan-3-one 295 33 
Bisbenzylidene-cis-ketone | 234 17,200 Ethanol 
356 | 36,600 
| 
Bisbenzylidene-trans- 233 16,000 Ethanol 
ketone 332 31,400 





charcoal catalyst, has been reported (Bergmann and Ikan 1956; cf. Bourn and 
Klyne 1960) to yield more of the trans-acid but, in the present work, such a 
catalyst has given a mixture of the cis- and trans-acids, comparable with that 
obtained by the aluminium amalgam reduction. Finally, this mixture of acids 
is fractionally ketonized on heating with half the molar proportion of barium 
hydroxide to give the cis-, and then at a higher temperature, the trans-bicyclo- 
[3,3,@loctan-3-one. After purification, these ketones have been characterized 
as their bisbenzylidene derivatives. Spectroscopic data for these compounds is 
given in Table 1. 


III. BISNORIRIDODIAL 

The synthesis of bisnoriridodial exemplifies one of the general methods 
which has been reported recently for 1,5-dialdehydes (Cavill and Solomon 1960). 
On treatment with lead tetra-acetate the cis-bicyclo-octanone gives an «-acetoxy 
derivative, which is then reduced with lithium aluminium hydride. The resulting 
cis-bicyclo[3,3,0]octan-2,3-diol mixture yields bisnoriridodial (V), on fission 
with sodium periodate, or with lead tetra-acetate. Bisnoriridodial is obtained 
as an almost colourless liquid, which rapidly polymerizes on standing (cf. 
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iridodial). It is characterized as the bis-2,4-dinitrophenylhydrazone, of which 
two forms, m.p. 203 °C, and m.p. 216-218 °C, have been isolated. Each of these 
derivatives is readily converted into 3,4-cyclopentenopyridine on treatment with 
hydrochloric acid in acetic acid (cf. Cavill, Ford, and Solomon 1960). 


Ss . CHO 
6 wi 4 
(IV) (V) 


IV. cis-BISNORIRIDOLACTONE AND RELATED COMPOUNDS 

Korte, Falbe, and Zschocke (1959) have synthesized bisnoriridolactone, 
starting with the Diels-Alder adduct from cyclopentenal and methyl vinyl ether. 
Hydrogenation of this adduct gave 2-methoxy-4,5-cyclopentanotetrahydropyran 
which, on oxidation, was converted into 2-hydroxymethylcyclopentylacetic acid. 
Distillation of the hydroxy-acid gave bisnoriridolactone. 

In the present studies, a stereospecific synthesis of cis-bisnoriridolactone (V1) 
has been achieved by ring enlargement of cis-bicyclo[3,3,0]octan-3-one (IV) 
with monoperphthalic acid. An authentic specimen of the cis-lactone is thus 
available for comparison with the product/s formed by the action of alkali on 
bisnoriridodial. Theoretically a Cannizzaro reaction on bisnoriridodial could 
yield four lactones, that is, two pairs of structural isomers, each of which could 


Th, TX 


(VII 
O O 
(VIID (IX) 


exist in cis- and trans-forms (VI-IX). In fact, this 1,5-dialdehyde-5-lactone 
rearrangement of bisnoriridodial gives lactone fraction (i) (38%), obtained on 
acidification of the reaction mixture, then lactone fraction (ii) (34%), obtained 
on distillation of the remaining hydroxyacid/s. Attempts to isolate additional 
products were unsuccessful, and some polymerization may be attributed to 
competing aldol-type reactions. The infrared spectra of fractions (i) and (ii) 
are indistinguishable from each other, and further, are identical with that of 
cis-bisnoriridolactone (VI). Thus the internal Cannizzaro reaction on bisnor- 
iridodial gives cis-bisnoriridolactone in 72% yield. This rearrangement may be 
compared with that for iridodial (III) which yields a mixture of 5-lactones, 
including the cis-fused isoiridomyrmecin (II, 53°) and the cis-dihydronepeta- 
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lactones (X, 12%) (Cavill and Ford 1960). Previously, de Jong (1951) had 
reported a high yield of the $-lactone (XI, 61%) from the corresponding 1,5- 


dialdehyde. 
O Me ‘. r H 
: Pa 0 
~~ 
’ Me. | 

> a 

. EOCHT ™ 

X, Epimeric at *) XI 


The generally accepted mechanism for the intermolecular Cannizzaro 
reaction (see Ingold 1953) involves an addition of hydroxyl ion to the formyl 
group, followed by a direct transfer of hydride ion from this group to a second 


formyl group, viz. : 


O 
Z zi 
R—C~ + "CH z= = R—C—O 
‘H H 
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The 1,5-dialdehyde-5-lactone rearrangement may be regarded as an especial 
example of this intermolecular Cannizzaro reaction, in which, steric relations of 
the 1,5-dialdehyde system would clearly favour an equivalent intramolecular 
transfer of hydride ion. The process is most likely a concerted one. Whilst 
aldol-type products might be anticipated from the action of alkali on such 
1,5-dialdehydes, the concerted mechanism accommodates an almost quantitative 
yield of 5-lactones from iridodial (cf. Cavill and Ford 1960), and more significantly, 
a high yield from bisnoriridoaial. 


OS On! OA 
F a 
H a = Cl on —— | ‘ AH 
Cc > 
No Yor ene 


A specificity in the direction of the hydride ion transfer is shown in the above 
examples of the Cannizzaro reaction: the formyl group atiached to a secondary 
carbon atom is oxidized, rather than that attached to a tertiary, or to a quaternary, 
carbon atom. As the hydroxyl ion can readily approach, and add, to either of 
the formyl groups in bisnoriridodial, and as this dialdehyde (V) is converted into 
cis-bisnoriridolactone (VI), the specificity in the direction of hydride ion transfer 
may be attributed primarily to an inductive, rather than a steric, effect. 


G 
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Finally, a mixture of $-lactones has been obtained from isoiridodial 
(XII) which is an intermediate in the reaction of isobutyraldehyde with cyclo- 
pentenal in the presence of alkali.* The infrared spectrum of the product shows 
carbonyl absorptions, of like intensity, at 1732 and 1753 cm, but attempts to 
separate these 5-lactones by fractional distillation, or by column or vapour phase 
chromatography, have been unsuccessful. Meanwhile, Korte, Falbe, and 
Zschocke (1959) have synthesized the lactone (XIV) of «-(2-hydroxymethyl- 
cyclopentyl)-«-methylpropionic acid by a Prins reaction, and this lactone has a 
sxarbonyl absorption at 1736 cm-!. Hence the product from the rearrangement 
of isoiridodial may contain (XIII) and (XIV). 


O 
CHO side 
0 (Fy ‘O 
ane | | 
CHO - 
om 3 
(XED XII) XIV 


V. INSECTICIDAL TESTING 

Insecticidal testing of the above natural and synthetic lactones, and of the 
related 1,5-dialdehydes, has been undertaken by Mr. R. W. Kerr, Division of 
Entomology, C.8.I.R.O., Canberra. He reports that the test substances applied 
as 10% w/v solutions in kerosene—acetone (1 : 1) to the head or thorax of male and 
female houseflies failed to show any toxicity at dosages up to 670 ug/g body 
weight. However, at similar dosages, iridomyrmecin (I), isoiridomyrmecin (II), 
and the lactone mixture from the rearrangement of isoiridodial (XII), showed 
a 50% “ knock down ” effect on the flies within 20-30 min. This quality was 
lacking in the other model lactones. 

In contrast to this procedure, Pavan (1952) exposed various insects to 
contaet with a film of iridomyrmecin deposited on a Petri dish. He found that, 
at a concentration of 10 y/cm?, flies showed progressive paralysis of wings and 
legs, and failed to respond to any stimuli after 180 min of continuous exposure. 
It would be of imterest to test the above lactones for activity against the common 
foe and prey of ants, namely, other ants. 


VI. EXPERIMENTAL 

Melting points are uncorrected. Light petroleum has b.p. 40-60°C. Chromatographic 
alumina was prepared as previously reported (Cavill and Locksley 1957). Organic solvent extracts 
were dried over anhydrous magnesium sulphate. Carbon, hydrogen, and nitrogen microanalyses 
are by Dr. E. Challen, and infrared spectra are by Mr. I. Reece, of this University. 

(a) cis-Bicyclo(3,3,0 ]octan-3-one.—Ethy] 2-oxocyclopentylacetate (38 g; Linstead and Meade 
1934), with ammonium acetate (5g), acetic acid (10-5g), and ethyl cyanoacetate (25 g), 
was refluxed in benzene (70 ml), water being removed azeotropically (5 hr). The product, after 
cooling, was diluted with ether (50 ml), neutralized by the addition of NaHCO,, then the mixture 
was washed with water (330ml) and dried. Removal of the solvent, then distillation, gave 


* The Michael reaction is not recommended when isolation of the 1,5-dialdehyde is required. 
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ethyl «-cyano-«-2-ethoxycarbonylmethylcyclopentylideneacetate as a pale yellow liquid (40 g), 
b.p. 168-171 °C/1-5 mm, nv 1-4890, which solidified on standing. Linstead and Meade (1934) 
report b.p. 177 °C/2 mm, nv 1-4883. < 

The cyclopentylidene acetate (40 g) was reduced with aluminium amalgam (from aluminium 
(40 g) and mercuric chloride (4 g)), in moist ether (450 ml), according to the procedure of Linstead 
and Meade (1934). The crude product (38 g) was immediately used in the next step. 


A specimen 
of ethyl x-cyano-x-2-ethoxycarbonylmethyleyclopentylacetate, on 


distillation, had  b.p. 
140 °C/1 mm, ne 1-4675 (Found: C, 63-2; H,7-8%. Calc. for C,,H,,NO,: C,62-9:; H,7-8%). 
The reduced diester (20 g) was hydrolysed, and decarboxylated, in HCl (100 ml; 10n) (8 hr). 
Steam distillation of the reaction product gave a mixture of cis- and trans-cyclopentane-1,2- 
diacetic acids (4-7 g), m.p. 158-164°C. Linstead and Meade (1934) report m.p. 155-156 °C. 
Extraction of the steam distillate with ether gave cis-bicyclo[3,3,0 ]octan-3-one (2-3 g). 


The cyclopentane-1,2-diacetic acid mixture (6-5 g) and finely powdered barium hydroxide 
octahydrate (0-5 g) were mixed and heated (salt-bath). The crude cis-ketone (1-5 g), and water, 
distilled at a melt temperature of 285-300 °C. cis-Bicyclo-[3,3,0]-octan-3-one was finally isolated 
as a colourless liquid, b.p. 195 °C (76 °C/5 mm), nw 1-4792. The semicarbazone had m.p. 198 °C, 
from ethanol. Linstead and Meade report b.p. 78 °C/10 mm, nv 1-481], and for the semi- 
carbazone, m.p. 197-198 °C. 


(6) trans-Bicyclo-| 3,3,0]-octan-3-one.—After ketonization of the cis-acid, the residual trans- 
cyclopentan~.\.2-diacetic acid was recrystallized as colourless needles (1-8 g), m.p. 131-132 °C, 
from 5N HC}. Linstead and Meade (1934) report m.p. 132°C. The neutral barium salt of the 
purified trans-acid is very soluble in cold water, but only slightly soluble in boiling water (1 part 
per 100). This anhydrous salt, precipitated from a boiling solution, was stable to 400 °C giving 
no trans-bicyclo-octanone. Hence the acid barium salt, which decomposed readily at 300-320 °C. 
is the probable intermediate in the ketonization of this acid. 

A mixture of trans-cyclopentane-1,2-diacetic acid (5-0g) and finely powdered barium 
hydroxide (55 mg) was slowly distilled from a flask, heated at 325-345 °C (2hr). The reaction 
mixture, worked up as above, gave the trans-ketone (1-2 g). trans-Bicyclo[3,3,0 ]octan-3-one 
was finally obtained as a colourless liquid, b.p. 56 °C/7 mm, nv 1-4793, after purification via the 
semicarbazone, m.p. 242-243 °C. Linstead and Meade (1934) report b.p. 62 °C/10 mm, nis 1-4791, 
and for the semicarbazone, m.p. 242 °C. 

(c) Bisbenzylidene Derivatives.—(i) The cis-ketone (100mg) and benzaldehyde (100 mg, 
freshly distilled), in ethanol (15 ml), was treated with NaOH soln. (3 ml; 40%). 


The product, 
which slowly precipitated from the mixture, was isolated in the usual manner 


Bishe nzylide ne- 
cis-bicyclo[3,3,0 joctan-3-one was finally obtained as pale yellow needles (134 mg), m.p. 171 °C, 
from 95% ethanol (Found: C, 87-7; H, 6°7%. Cale. for C,,H,,O: C, 88-0; H, 6-7%). 

(ii) Similarly, the trans-ketone (100 mg) gave bisbenzylidene-trans-bicyclo[3,3,0 Joctan-3-one 
as pale yellow needles (130 mg), m.p. 184 °C, from 95% ethanol (Found: C, 87-7; H, 6-9%). 

(d) Bisnoriridodial.—cis-Bicyclo[3,3,0 }octan-3-one (14-0 g) and lead tetra-acetate (50-4 g). 
in benzene (50 ml), were refluxed until the starch/ivdide test was negative (2-5 hr). The mixture. 
after cooling, was diluted with water (50 ml), and the product extracted with ether (3 x 50 ml) 
The solvent, and some starting material were removed (at a bath temperature of 110 °C/25 mm). 
The crude «-acetoryketone (14-0 g) which remained was dissolved in dry ether (50 ml), and the 
solution slowly added to a solution of lithium aluminium hydride (4-0 g) in dry ether (800 ml). 
After standing (48 hr), the mixture was poured into ice-cold H,SO, (100 ml; 10%), the ethereal 
layer was separated, and the aqueous layer then continuously extracted with ether (24 hr). The 
combined ethereal extracts were washed with NaHCO, soln., water, and dried. cis-Bicyclo- 
[3,3,0 ]octan-2,3-diol was isolated as a colourless liquid (3-2 g), b.p. 140-145 °C/5 mm, and was 
further purifed by chromatography on neutralized alumina (Found: C, 67-3; H, 9-9%. Cale. 
for C,H,,0.. C, 67-6; H, 9-9%). 

The bicyclo-octan-2,3-diol (2-46 g) was slowly added to a well-stirred solution of sodium 
metaperiodate (4-0 g in 50 ml of water). After the exothermic reaction had subsided (30 min), 
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the mixture was continuously extracted with ether (12 hr). Bisnoriridodial was finally obtained 
as a colourless liquid (1-47 g), b.p. 85 °C/1-5 mm, which rapidly polymerized to a giassy solid 
(Found: C, 68-8; H, 8-8%. Cale. for C,H,,O,: C, 68-5; H, 8-6%). 

Bisnoriridodial bis-2,4-dinitrophenylhydrazone, prepared in the usual manner, was isolated 
in 98% yield, as orange-red prisms, m.p. 203 °C, from chloroform (Found: C, 48-1; H, 4:3; 
N, 22°3%. Calc. for Cy,H.»N,0O,: C, 48-0; H, 4-0; N, 22-4%). In addition, the bis-derivative 
is isolated as yellow needles, m.p. 216-218 °C, from benzene (Found: N, 22-4%. Cale. for 
CypHyN,0,: N, 22-4%). A supersaturated chloroform solution of the compound, m.p. 203 °C, 
when seeded with the derivative, m.p. 216-218 °C, readily precipitated the latter product. The 
infrared spectra of the two forms, in chloroform solution, are indistinguishable. 

(e) cis-Bisnoriridolactone.—cis-Bicyclo[3,3,0]octan-3-one (12-0g) and monoperphthalic 
acid (18-0 g) in dry ether, were allowed to stand in the dark, at room temperature, until the 
starch—iodide test was negative (91 hr). Monoperphthalic acid (11-2 g) was consumed. After 
removal of the solvent, the residue was taken up in chloroform and the phthalic acid filtered off. 
The chloroform extract, after washing (NaHCO,, water), and drying gave cis-bisnoriridolactone 
as a colourless liquid (5-5 g), b.p. 148 °C/18 mm, nee 1-4853 (Found: C, 68-3; H, 8-9%. Cale. 
for C,H,,0,: C, 68-5; H, 8-6%). Infrared spectrum (liquid capillary): 3640w, 3480w, 2930s, 
2860s, 1747s, 1485m, 1450m, 1437m, 1387s, 1348m, 1335sh, 1327sh, 1305m, 1277m, 1257s, 
1243sh, 1225m, 1177sh, 1167s, 1123m, 1085s, 1066m, 1041s, 1030sh, 1008sh, 965s, 940m, 913w, 
861m, 812m, 778m, 717m ecm, 

(f) Action of Alkali on Bisnoriridodial.—Bisnoriridodial (1-0 g) in dioxan (12-5 ml) was 
heated at 80°C with aqueous KOH soln. (12-5ml; 2Nn) for 2hr. The reaction mixture was 
poured into water (50 ml) and then extracted with ether. Bisnoriridodial (200 mg) was recovered 
from the ethereal extract, and characterized as the bis-2,4-dinitrophenylhydrazone, m.p. 207 °C. 
The aqueous layer, after acidification with HCl (2N; to pH 2) was extracted with ether. This 
extract, which was washed with NaHCO, soln. (420ml), water (220ml), and then dried, 
finally yielded cis-bisnoriridolactone (lactone fraction (i)) as a colourless oil (300 mg), b.p. 
100 °C/2 mm (Found: C, 68:3; H, 8-6%. Calc. for C,H,,.O,: C, 68-5; H, 8-6%). The 
NaHCO, soln., on reacidification and ether extraction, gave an acidic oil (270 mg), which yielded 
cis-bisnoriridolactone (lactone fraction (ii)) on distillation. A trace of a brown gum remained. 
The infrared spectra (liquid capillary) of lactone fractions (i) and (ii) are indistinguishable, and are 
identical with that of the authentic specimen of cis-bisnoriridolactone, described in (e). 

(g) Isoiridodial and the Isoiridolactones.—(i) Cyclopentenaldehyde (18-0 g) and isobutyral- 
dehyde (14-5 g) were added to a potassium methoxide solution (700 mg of K in 50 ml methanol) 
and the mixture refluxed for 2 hr, then kept at room temperature for 18 hr. This crude dialdehyde 
mixture was refluxed with KOH (2-6 g) in methanol (20 ml) for 2 hr. After cooling, the rearrange- 
ment product was worked up as described in (f). The isoiridolactone mixture was finally obtained 
as a colourless oil, b.p. 124-126 °C/7 mm, ny 1-4813 (Found: C, 71:9; H, 9-3%. Cale. for 
C,9H,,O2: C, 71:4; H, 9-6%). The infrared spectrum (liquid capillary) shows a strong doublet 
at 1753, 1732 cm— .Korte, Falbe, and Zschocke (1959) report b.p. 87 °C/0-2 mm, and a carbonyl 
absorption at 1736 cm for (XIV). 

(ii) In a further experiment, the crude condensation product of cyclopentenaldehyde and 
isobutyraldehyde was taken up in 95% ethanol containing a trace of HCl, and then treated with 
2,4-dinitrophenylhydrazine ; on cooling, isoiridodial bis-2,4-dinitrophenylhydrazone precipitated. 
Finally, the derivative was obtained as yellow needles, m.p. 263-264 °C, from benzene (Found : 
C, 49:5; H, 4-3; N,21-1%. Calc. for C,.H,,N,0,: C, 50-0; H, 4-6; N, 21-2%). 


VII. ACKNOWLEDGMENTS 


The authors thank Mr. R. W. Kerr, Division of Entomology, C.8.I.R.0., 
Canberra, for the insecticidal data reported in this paper. A grant in aid of this 
investigation from the Commonwealth Bank of Australia (Rural Credits 
Development Fund) is gratefully acknowledged. 











BISNORIRIDODIAL AND BISNORIRIDOLACTONE 283 


VIII. REFERENCES 

Barrett, J. W., and Linsteap, R. P. (1935).—J. Chem. Soc. 1935: 436. 

BrerGMANN, E. D., and Ikan, R. (1956).—.J. Amer. Chem. Soc. 78: 1482. 

Bourn, P. M., and Kiyne, W. (1960).—J. Chem. Soc. 1960: 2044. 

Cavitt, G. W. K., and Forp, D. L. {1960).—Aust. J. Chem. 13: 296. 

Cavitt, G. W. K., Forp, D. L., HinrerBercer, Hertha, and Sotomon. D. H. (1958).—Chem. & 
Ind. 1958: 292. 

Cavitt, G. W. K., Forp, D. L., and Locxstey, H. D. (1956).—Aust. J. Chem. 9: 288. 

CavitL, G. W. K., Forp, D. L., and Sotomon, D. H. (1960).—Awust. J. Chem. 13: 469. 

CavitL, G. W. K., and Locxstey, H. D. (1957).—Aust. J. Chem. 10: 352. 

Cavitt, G. W. K., and Sotomon, D. H. (1960).—Aust. J. Chem. 13: 121. 

Cruark, K. J., Fray, G. I., Jazcrer, R. H., and Rosrnson, R. (1959).—Tetrahedron 6: 217. 

Fray, G. I., and Rosrnson, R. (1960).—Tetrahedron 9: 295. 

InGoLtp, C. K. (1953).—‘‘ Structure and Mechanism in Organic Chemistry.” (G. Bell & Sons 
Ltd. : London.) 

pE JonG, H. W. (SHELL DEVELOPMENT Co.) (1951).—U.S. Pat. 2,576,901 (Nov. 27). (Chem. 
Abstr. 46: 2243d (1952).) 

Korte, F., Fatse, J., and Zscnuocke, A. (1959).—Tetrahedron 6: 201. 

LINSTEAD, R. P., and Mrapeg, E. M. (1934).—J. Chem. Soc. 1934: 935. 

Pavan, M. (1952).—Trans. Ninth Int. Congr. Entomol., 1952. Vol. 1. p. 321. 

Roserts, J. D., and Gornam, W. F. (1952).—.J. Amer. Chem. Soc. 74: 2278. 

Trave, R., Merit, L., and Garant, L. (1958).—Chim. e Industr. 40: 887. 








THE ALKALOIDS OF CROTALARIA GOREENSIS GUILL. ET PERR. : 
78-HY DROX Y-1-METHY LENE-86- AND 78-HYDROXY-1- 
METHYLENE-8e-PY RROLIZIDINE* 


By C. C. J. CULVENORT and L. W. SmirHy 


[Manuscript received December 22, 1960] 


aay 


Summary 

The principal alkaloid of Crotalaria goreensis Guill. et Perr. is 78-hydroxy- 
1-methylene-88-pyrrolizidine (II),* a (-+-)-heliotridane derivative with the relative 
configuration of heliotridine at C7 (absolute configuration 7R, 88). Of two minor 
alkaloids isolated, one is the 78-hydroxy-8« diastereoisomer (V) (absolute configuration 
7R, 8R). The other minor alkaloid is isomeric with (II) and (V) but does not possess 
a l-methylene group. The alkaloid (V) and the enantiomer of the principal alkaloid 
have been synthesized by reduction of the appropriate 1-vhloromethyl-7-hydroxy- 
1,2-dehydropyrrolizidine with zine and sulphuric acid. In this reduction some of the 
1-methyl-1,2-dehydropyrrolizidine is formed but the l-methylenepyrrolizidine is the 
main product. 


I, INTRODUCTION 
Crotalaria goreensis Guill. et Perr. is an introduced species now naturalized 
in certain areas of north Queensland. <A study of its alkaloids was undertaken 
when it seemed that this species might be a suitable legume for pasture improve- 
ment. Samples examined varied in alkaloid content from 2% in the seed to 
0-2% in the entire aerial portion of the plant. Very little alkaloid was present 
as N-oxide. The total alkaloid is separable into a small, relatively weakly basic 
fraction not yet investigated but resembling the pyrrolizidine ester alkaloids, 
and a strongly basic, more volatile fraction. The latter material showed only 
one spot, R, 0-25, on paper chromatograms run in butanol—acetic acid but could 
P be separated by chromatography on alumina and fractional distillation into three 
¥ 


* The «,8 convention of steroid nomenclature has been introduced by Leonard (1960) to 
indicate stereochemistry of pyrrolizidine derivatives. When drawn with Cl in the top right-hand 
-)-heliotridane derivatives (A) have the hydrogen atom on C8 in the «-configuration 
and are written as 8a-pyrrolizidines. (-+-)-Heliotridane derivatives (B) 
—86-pyrrolizidines. 


corner, ( 


are written as 





+ Division of Organic Chemistry, C.S.I.R.O. Chemical Research Laboratories, Melbourne. 
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isomeric bases of empirical formula C,H,,ON. Physical properties of the three 
bases referred to betow as A, B, and C are shown in Table 1. The principal 
component, base A, is that described by Culvenor (1958) who suggested that it is 
7-hydroxy-1-methy, 1,2-dehydropyrrolizidine. 


TABLE | 


PHYSICAL PROPERTIES OF CROTALARIA GOREENSIS ALKALOIDS 








Boiling | Melting 
Base Point Point pm pK, 
(°C/mm) (°C) | , 
} 
A; 78-hydroxy -1-methylene - 88- | 
pyrrolizidine .. z 62/0-03 | 33-35 | 36° 9-3 
B; 78-hydroxy-1-methylene -8a- 
pyrrolizidine + : _ 41/0-1 35-36 | —150° } 9-5 
Cou, ue we ee | SY | +9-3° 8-8 


II. STRUCTURE OF THE ALKALOIDS 

Base A, on hydrogenation, gave a dihydro derivative, m.p. 62-63 °C, 
[a] +-20-°5° (ethanol), which was found to be the enantiomer of hydroxy- 
heliotridane (I). A carefully purified sample of hydroxyheliotridane had m.p. 
62-63 °C, [x]} —20-8° (ethanol), and infrared spectra and other properties of the 
two compounds agreed closely. Microanalysis showed the absence of a C-methyl 
group in base A and the infrared absorption spectrum showed a strong band at 
885 cm indicative of a methylene group. Oxidation with osmium tetroxide 
followed by sodium ~eriodate gave formaldehyde. Base A is therefore 7- 
hydroxy-1-methylene-5$-pyrrolizidine, a derivative of (-+-)-heliotridane and of 
the absolute configuration (7R, 8S) (II). This has been confirmed by synthesis 
of the 7a-hydroxy-8« compound (III), enantiomeric with (II), and of the isomer 
7a-hydroxy-1-methyl-1,2-dehydro-8«-pyrrolizidine (IV) from heliotridine and 
heliotrine, respectively (Section III). Alkaloids of the (-+-)-heliotridane series 
are rare, the other known examples being lindelofine and lindelofamine from 
Lindelofia anchusoides (Labenskii and Menshikov 1948) and laburnine from 
Cytisus laburnum (Galinovsky, Vogl, and Nesvadba 1954). 

In the presence of Raney nickel catalyst, base B absorbed 1 mole of hydrogen 
to give retronecanol. With platinum or palladium catalyst, this product was 
mixed with another, presumably the isomer epimeric about Cl. Base B differs 
from the known 1,2-dehydropyrrolizidine, deoxyretronecine (Adams and Rogers 
1941) and showed strong absorption at 885cm-. Oxidation with osmium 
tetroxide and sodium periodate gave formaldehyde. Base B is thus 76-hydroxy- 
1-methylene-8«-pyrrolizidine (V), differing from base A only in the configuration 
at C8. It is formed in high yield by the zinc reduction of the appropriate 
7-hydroxy-1-chloromethyl-1,2-dehydropyrrolizidine (Section ITI). 

Base ©, also of the empirical formula C,H,,ON, analyses for 0-55 C-Me 
groups ; this can be taken as evidence for one such group since other 1-methyl- 
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pyrrolizidines give a similar low result (Table 3; Adams, Carmack, and Mahan 
1942). It contains no methoxyl and the infrared spectrum shows absence also of 
hydroxyl and carbonyl groups. Hydrogenation in the presence of Raney nickel 
gave a dihydro- derivative which formed a picrate and picrolonate differing from 
those of known pyrrolizidine derivatives of formula C,H,;ON. Base C reacts 
only very slowly with thionyl chloride, being largely recovered unchanged after 


OH CH HO CH» OH CH 
oa . \ » H |] dl HJ 
~—— Fa 
rd ‘ | \ 
N N / Je 
aes / \ 
io! baal a ie 
I) (II) III) 
OH : CH OH CH, CH, 
a Zu _ J Bc 
F a . \ — \ 
M, | \ \ 
wn Nx N 
IV) (v) V1) is 
OH CH; CH, . CH,C! 
H H S\ 4 
J — \ \ oa 
F | / \ 
| » 
ZN. ¥ \ N i LN 
a ae ol tg , i al 
(VII) (VII) (Ix) 
oe , 
‘i atte, 9 
Z | \ 
x N Pa 
be a 
(X) 


refluxing with the reagent for 2 hr. The epoxide structure (VI) seems the most 
likely formulation which fits the above data, but no material is available for 
further examination. The pK, values of base C and its dihydro- derivative, 
8-8 and 9-5 respectively, are appreciably lower than the values for isomeric 
pyrrolizidines (C,H,,ON: base A 9-3, base B 9-5, deoxyretronecine 9-6, 
anhydroplatynecine 9-4; C,H,,ON: retronecanol 10-9, isoretronecanol 10-9). 
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III. PREPARATION OF 1-METHYLENE- AND 1-METHYL-1,2-DEHYDRO- 
PYRROLIZIDINES 

Adams and Rogers (1941) obtained 78-hydroxy-1-methyl-1,2-dehydro-8«- 
pyrrolizidine (deoxyretronecine ; VII) from monocrotaline by reducing with one 
molecular proportion of hydrogen in the presence of platinum catalyst. The 7a- 
hydroxy-8« isomer (IV) has now been prepared by a similar partial reduction of 
heliotrine. It is crystalline, m.p. 65 °C, analyses for one C-methyl group, shows 
only minor absorption around 885 cm-', and differs substantially in specific 
rotation and properties of the picrate and picrolonate from base A. It may be 
reduced further to hydroxyheliotridane. However, initial trials of this preparation 
were unpromising and reduction of the appropriate 1-chloromethyl-1,2-dehydro- 
pyrrolizidine was explored as an alternative. Preparation of 1-methyl-1,2- 
dehydropyrrolizidine (VIII) in this way, employing reduction with zine dust 
in sulphuric acid, has already been described (Culvenor and Smith 1959) although 
this account must now be modified. Adams and Rogers (1941) also prepared 
(VIII) by removing the hydroxyl group from (VII). 


TABLE 2 
PRODUCTS DERIVED FROM ALLYLIC PYRROLIZIDINE ALCOHOLS BY REACTION WITH 
THIONYL CHLORIDE, FOLLOWED BY REDUCTION WITH ZINC 


1,2-Dehydropyrro- | 1-Methylenepyrro- 
Alcohol |  lizidine Product lizidine Product 

(%) { %) 

Heliotridine oh gx ie 20 80 

Retronecine 20 80 

Supinidine ‘ia = 25 75 
[7-Chloro-1-chloromethyl-1,2- | 

dehydropyrrolizidine ]* ba 10 90 


* Dichloride derived from retronecine, submitted to zine reduction only. 


Heliotridine reacted with thionyl chloride at room or elevated temperatures 
to give 7-chloro-1-chloromethyl-1,2-dehydropyrrolizidine (IX), while at 0 °C 
it gave the 7-hydroxy-1-chloromethyl compound (X). Reduction of (X) with 
zine in sulphuric acid gave a liquid base, C,H,,ON, closely similar to alkaloid A 
in picrate and infrared spectrum but differing somewhat in magnitude of specific 
rotation. This product was found to be a mixture of about 80% of the 
1-methylene compound (III) and 20% of (IV). The properties of pure (III) 
agree well with those of alkaloid A. A mixture of the two picrates showed a 
depressed mixed melting point but the melting point diagram (Fig. 1) shows that 
a racemate is formed. Rearrangement of the allylic system occurs, at least to a 
major extent, during zinc reduction of the chloride, since the chloride (X) does 
not absorb strongly around 880 cm-!. Retention of double bond position during 
reaction of heliotridine in excess thionyl chloride was undoubtedly favoured by 
the fact that the base hydrochlorides were soluble in the excess reactant (de Wolfe 
and Young 1956). 
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Three other allylic pyrrolizidine alcohols have been submitted to the thionyl 
chloride reaction—zine reduction sequence and proportions of the isomeric products 
estimated from optical rotations, infrared spectra, and C-methyl determinations. 
As shown in Table 2, all three behave similarly to heliotridine in giving the 
1-methylene compound predominantly. It is probable that the conversion of 
supinidine into 1-methyl-1,2-dehydropyrrolizidine described by Culvenor and 
Smith (1959) led to a mixture largely composed of 1-methylenepyrrolizidine, 
although recrystallization of the picrates gave some of the desired compound. 


IV. EXPERIMENTAL 

Microanalyses were carried out by the C.S.I.R.O. and University of Melbourne Microanalytical 
Laboratory. Melting points are corrected. The solvent system used for paper chromatography 
was the upper phase resulting from shaking n-butanol with an equal volume of 5% acetic acid. 

(a) Extraction of the Alkaloids.—As was found with Crotalaria anagyroides extracts (Culvenor 
and Smith 1959), chloroform or ether extraction of an aqueous solution made alkaline with ammonia 
to about pH 9 did not give complete recovery of alkaloid. It was necessary to make the solution 
strongly alkaline with NaOH before all of the alkaloid could be extracted. An initial extraction 
at the lower pH was carried out to minimize possible decomposition of minor alkaloids. 

(i) Milled seed (750g) was extracted with ethanol in a Soxhlet apparatus, the extract 
evaporated, and the residue taken up in dilute sulphuric acid. The acid solution was basified 
with ammonia and continuously extracted with ether to give crude base (25 g) R, 0-26. Further 
extraction with chloroform gave additional alkaloid (7 g), R, 0-10, 0-26. The aqueous mother 
liquors were made strongly alkaline with NaOH and re-extracted with chloroform giving 5 g 
base R, 0-26. Finally, extraction with butanol followed by removal of butanol from the extract, 
digesting the residue with ethanol and evaporating the ethanol solution, gave more base (2-5 g) 
R,, 0-16, 0-26. Subjection of portion of the original methanol extract to the usual total alkaloid 
assay (Culvenor and Smith 1955) indicated the presence of 2-0% free base and absence of N-oxide. 
The oxide base thus contains a considerable amount of non-basic material. 

(ii) Entire above-ground parts of the plant including mature seeds and pods (117 lb) were 
ex .acted with hot methanol, the methanol removed from the extract, the residue extracted with 
dilute sulphuric acid, and the resulting solution reduced with zine dust. After filtration, the 
solution was basified with NaHCO,, and the precipitate redissolved with aqueous ammonia, 
Chloroform extraction gave a crude base fraction, R,, 0-24, 0-37, 0-56, 0-65, 0-82, which was 
subjected to a 10 transfer counter-current distribution between 0-5% HCl and chloroform. Each 
tube was basified with NaHCO, and extracted with chloroform. Tubes 1-3 gave gum (8-1 g) 
R,, 0-24, 0-32, 0-56, tubes 4-7 gave gum (7:9 g) R, 0-37, 0-56, 0-68, 0-82, while tubes 8-10 
gave non-basic material (69 g). The aqueous phases from all tubes were combined, made strongly 
alkaline with NaOH, and extracted with ether to give additional base (6-0 g) R, 0-23, 0-34. 
The fractions from tubes 4—7 were stored for future investigation. The residual aqueous solution 
(450 1.) after the chloroform extraction was treated with NaOH (20 kg) and extracted continuously 
with ether to give liquid base (140g) R, 0-24. 

(b) Separation of the Volatile Bases.—All alkaloid extracted by ether was first chromatographed 
on alumina (2-15 kg) in light petroleum. The amount of base in each eluate fraction was deter- 
mined by titration and the specific rotation measured. Elution with light petroleum gave base C 
(1 g), [x]p +40°, a mixture of bases B and C (8 g), base B (14 g), [x]p —135°, a mixture of bases 
A and B (6g) and base A (13 g), [«]p +35°. Ether and methanol eluted more base A (70 g). 
Bases A, B, and C each had R, 0-24. The mixed fractions were rechromatographed and the 
concentrates of each base purified by fractional distillation, bases A and B in a spinning band 
column. 


(c) Base A: 78-Hydroxy-1-methylene-88-pyrrolizidine (II).—After a second distillation, 
base A had b.p. 62 °C/0-03 mm. It solidified on cooling and was crystallized from low boiling 


light petroleum to give colourless needles, m.p. 34-36 °C, [a]? 4+36-1° (c, 1-39 in ethanol). 
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Because of its highly hygroscopic nature, satisfactory microanalytical data could not be obtained. 
The picrate formed yellow needles from ethanol, m.p. 173-5—174-5 °C, [a He —24-2° (c, 1-01 in 
acetone) (Found: C, 45-4; H, 4-2; N,°15-2; O, 34-9%. Cale. for C,H,,ON.C,H,O,N, 
C, 45-6; H, gi N, 15-2; O, 34-8%). The picrolonate formed yellow needles from ethanol, 
m.p. 234-234-5°C (Found: C, 53-6; H, 5-3; N, 17-1%. Cale. for C,H,,ON.C,,H,O;N, 
C, 53-6; H, 5-3; N, 17-3%). 

The phenylurethane was prepared by reacting the base with excess pheny] isocyanate, taking 
up the product in dilute H,SO,, washing the solution with chloroform to remove diphenylurea, 
making alkaline with Na,CO,, and pagiagites with chloroform. It crystallized as colourless 
needles from light ay m.p. 135-5—136 °C, [ape —20-5° (c, 0-77 in ethanol) (Found : 
C, 69-5; H, 7-0; N, 10-7%. Cale. “thy C,;H,,0,N,: C, 69-7; H, 7-0; N, 10-8% 

(d) Base B: 78 edie. /- pea ne-8a-pyrrolizidine (V).—After redistillation, base B had 
b.p. 41 °C/0-10 mm, m.p. 35-36 °C, , [aly 150° (c, 1-20 in ethanol). The picrate formed yellow 
needles, m.p. 203-5-204 °C, ile 47-5° (c, 0-68 in acetone) (Found: C, 45-5; H, 4-6; 
N, 14-8%. Cale. for C,H,,ON.C,H,O,N,: C, 45-6; H, 4-4; N, 15-2%). The picrolonate 
crystallized in yellow plates from ethanol and had m.p. 209—-209-5 °C (Found: C, 53-2; H, 5-4 
N, 17-0%. Cale. tor C,H,,ON.C,pH,O;N,: C, 53-6; H, 5-3; N, 17-3%). A crystalline 
phenylurethane could not be obtained. 

(e) Base C.—Fractional distillation of concentrates gave base C, b.p. 112-114 °C/3 mm, 
any +-9-3° (c, 1-2inethanol). The picrate formed yellow needles from benzene, m.p. 173—174 °C 
(Found: C, 45-9; H, 4-5; N, 15-0%. Calc. for C,H,,ON.C,H,O,N,: C, 45-6; H, 4-4; 
N, 15-2%). The infrared spectrum of the liquid base showed a very weak band at 1720 cm 


considered to be due to an impurity and missing completely from the spectrum of the picrate. 


TABLE 3 











| | 
| No. of (C)Me Cale. for 1Me | Found 
Compound : } 
Groups (%) | (%) 
Base A, C H,,0N Nil _. 0-2 
Base B, C,H,,0N | Nil 0-7 
Base C.. | 1 (?) 10-8 5-9 
Xetronecanol l 10-6 4-7 
Base B picrate Nil -- Nil 
Retronecanol picrate , l 4-0 | 2-4 
Picrate of dihydro Scbvidion | 
of base C | 1 (2?) | 4-0 | 1-7 
Picrate of Ta- bydeoxy-2- 
methyl - 1,2 - dehydro - 8x - 
pyrrolizidine - od ] | 4+] 2°5 





(f) C-Methyl Determinations.—Analysis of bases A and B showed no significant amount of 
C-methyl but the figure obtained for base C was equivalent to 0-55 CH, group/mole. A series of 
determinations on other pyrrolizidine derivatives showed this to be a common result for 1-methy]l- 
pyrrolizidines. Similar low values for this type of compound have been reported by Adams, 
Carmack, and Mahan (1942). The results obtained in the present work are set out in Table 3. 

(g) pK, Values.—The following pK, values were found for the alkaloids and related bases 
in aqueous solution: base A, 9-3; base B, 9-5; base C, 8-8; dihydro derivative of base C, 9-5 ; 
deoxyretronecine, 9-4; retronecine, 8-8. 

(h) Hydrogenation of Base A.—In ethanol solution in the presence of Raney nickel, base A 
took up 1 mol. of hydrogen. Filtration of the mixture and evaporation of the solution gave a 
hygroscopic residue which, after crystallization three times from light petroleum (b.p. 40-60 °C) 
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in a dry box, gave the dihydro compound, (+)-hydroxyheliotridane as colourless needles, 
m.p. 63-64 °C, [aly +20-5° (c, 1-67 in ethanol). An authentic specimen of (—)-hydroxyhelio- 
tridane (I) had m.p. 61-5—62-5 °C, cae —20-8° (c, 1-54 in ethanol) (Section IV (¢)). A mixture 
of equal parts of the (+)- and (-——)-compounds was a semi-solid gum at room temperature. The 
picrate of (+)-hydroxyheliotridane formed yellow needles, m.p. 201-5—202-5 °C, (a8 —3-0° 
(c, 2-8 in acetone) (Found: C, 45:3; H, 4:9; N, 15-5%. Cale. for C,H,,ON.C,H,O,N;: 
C, 45:4; H, 4:9; N, 15-1%). Admixture with (—)-hydroxyheliotridane picrate (m.p. 
202-203 °C) did not depress the melting point. The phenylurethane of (+ )-hydroxyheiiotridane, 
prepared in a manner similar to that of base A (IV (c)) crystallized from light petroleum in needles, 
m.p. 125-5-126-5 °C, [«}}8 —12-6° (c, 1-11 in ethanol) (Found: C, 69-6; H, 7-7; N, 10-6%. 
Cale. for C,;H..0,.N,: C, 69-2; H, 7-7; N, 10-8%). A mixture with (—)-hydroxyheliotridane 
phenylurethane (IV) (i) had the same melting point. 

(t) 7a-Hydroxy-18-methyl-8x-pyrrolizidine ((—)-Hydroxyheliotridane) (I).—The basic product 
(6-5g; R, 0-27) obtained by hydrogenation of heliotrine (15 g) in ethanol over Raney nickel 
was distilled at a pressure of 0-5 mm and collected in three fractions: (i) b.p. 90-92 °C, 0-51 g, 
cai —18-8° (ethanol) ; (ii) b.p. 92 °C, 1-90 g, cas —16-1° (ethanol), —8-4° (water) ; (iii) b.p. 
93 °C, 0-85 g, [alp —17-3° (ethanol). Fractions (i) and (ii) were combined and crystallized from 
light petroleum (b.p. 40-60 °C) in a dry box until the rotation was constant. Three crystal- 
lizations gave needles, m.p. 61-5-62-5 °C, ca —20-8° (c, 1-54 in ethanol), —4-3° (water) 
(Found: C, 68-1; H, 10-7; N, 9-7%. Cale. for C,H,,ON: C, 68-0; H, 10:7; N, 9:9%). 
This base formed a picrate, m.p. 202-5-203 °C. Specific rotations reported in the literature vary 
from —14-5° (Menshikov 1935) to +0-2° (Culvenor, Drummond, and Price 1954), all in aqueous 
solution. 

Fractional crystallization and chromatography on alumina of phenylurethanes prepared 
from mother liquors of the above material did not result in the isolation or even concentration of 
an isomeric derivative. Crystallization from light petroleum gave the phenylurethane as needles, 
m.p. 125-5-126 °C, [olf +16° (c, 1-25 in ethanol) (Found: C, 69-6; H,. 7-7; N, 10-7; O, 
12-6%. Calc. for C,,H,.O.N,: C, 69-2; H, 7-7; N, 10-8; O, 12-3%). The specific rotation 
of different samples varied from +12° to +20°, but hydrolysis with aleoholic KOH of material 
having these extremes of rotation yielded hydroxyheliotridane of m.p. 62—63-5 °C, (aly —18-0° 
(c, 0-84 in ethanol), and m.p. 62-5-63-5 °C, (aly —20-9° (c, 0-99 in ethanol), respectively. 

(j) Ozonolysis of Base A.—Ovzone was passed through an ethanol solution of base A (0-23 g) 
for 45min. The resulting solution gave black, non-crystalline precipitates with picric acid and 
with 2,4-dinitrophenylhydrazine. The reaction was repeated in ethyl acetate solution and the 
product reduced catalytically with hydrogen. The solution was refluxed in a stream of nitrogen 
which passed into a 2,4-dinitrophenylhydrazine trap. No derivative formed. Evaporation of 
the reaction solution gave a gum, R, 0-13, 0-23, 0-31, 0-40, which did not form crystalline 
derivatives. 

(k) Oxidation of Base A with Osmium Tetroxide—Periodate.—A solution of base A (0-3 g) in 
water (12 ml) and ether (12 ml) was treated with osmium tetroxide (25 mg). To this was added 
sodium metaperiodate (0-92 g) in small portions with stirring. After a further 80 min at room 
temperature, the solution was buffered with sodium acetate at pH 4-3 and treated with dimedone 
(0-6g in water). After keeping overnight, filtration gave colourless needles (90mg), m.p. 
191—192 °C, undepressed on admixture with the dimedone derivative of formaldehyde. 

(lt) Hydrogenation of Base B.—In ethanol solution in the presence of Raney nickel, base B 
(1-5 g) absorbed 240 ml (1 mole) of hydrogen. After removal of catalyst, evaporation of the 
solution gave a crystalline solid (1-5 g) which crystallized from light petroleum (b.p. 40-60 °C) 
in needles, cai —103° (c, 1-05 in ethanol), m.p. 98-98-5 °C, undepressed on admixture with 
retronecanol (Found: C, 67-9; H, 10-4; N, 10-0%. Cale. for C,H,,ON: C, 68-0; H, 10-7; 
N, 9:9%). The identity was confirmed by conversion to retronecanol picrate, m.p. 214-215 °C 
(decomp.) (lit. 213°C) and the picrolonate which formed yellow needles from ethanol, m.p. 
182-183 °C (Found: C, 53-3; H, 5-6; N, 17-0%. Cale. for C,H,,ON.C,.H,O,N,: C, 53-3; 
H, 5°7; N, 17-3%). 
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(m) Oxidation of Base B with Osmium Tetroxide-Periodate—Base B (0-25 g) was oxidized by 
the method used for base A (Section IV (k)). Addition of dimedone to the reaction mixture gave 
a crystalline precipitate (60 mg), which after recrystallization from ethanol had m.p. 191-192 °C 
undepressed on admixture with the authentic dimedone derivative of formaldehyde. 


(n) Hydrogenation of Base C.—Hydrogenation of base C (0-34 g) over Raney nickel resulted 
in the uptake of 55 ml (1 mole) of hydrogen. Filtration and evaporation of the solution gave a 
brown oil which was converted to the picrate. This was readily soluble in benzene, and crystal- 
lization from benzene gave only low recovery (0-11 g) of yellow needles, m.p. 194-195 °C, Cay 
+0-0° (acetone) (Found: C, 46-1; H,4-9; N,15-0%. Cale. for C,H,,ON.C,H,O,N,: C, 45-4; 
H, 4:9; N, 15-1%). Base recovered from the picrate mother liquors (0-18 g) formed a picro- 
lonate, m.p. 249-249-5 °C, from ethanol (Found: C, 52-3; H, 5-7; N, 17-4%. Cale. for 
C,H,;ON.C,,.H,O;N,: C, 53-3; H, 5-7; N, 17-3%). For both derivatives the carbon analysis 
is in poor agreement with the calculated value for a dihydro derivative, C,H,,ON. This formula 
seems to be indicated but no material is available for repetition of the analysis. 

(0) 7-Chloro-1-chloromethyl-1,2-dehydro-8a-pyrrolizidine (IX).—Heliotridine (5g) was added 

slowly to ice-cold thionyl chloride, the mixture kept at room temperature for an hour, refluxed 
for 1 hr, and then poured into water. After filtration, the solution was made alkaline with 
ammonia and extracted with ether to give crude (IX) (6-1 g), R,, 0-55. It formed a picrate, 
m.p. 168-5-169 °C, from ethanol (Found: C, 40-3; H, 3-4; N, 13-0; Cl, 17-3%. Cale. for 
C,H,,NCl,.C,H,;0,N;: C, 39-9; H, 3-4; N, 13-3; Cl, 16-8%). 
(p) 7-Chloro-1-methylene-8a-pyrrolizidine.—The dichloro-compound (LX) (1-0 g) was dissolved 
in 2n H,SO, and shaken with zine dust for 3hr. The zine was removed by filtration and the 
solution made alkaline with ammonia and extracted with ether to give crude 7-chloro-1-methylene- 
pyrrolizidine as an almost colourless oil (0-90 g) R, 0-44. This oil darkened in colour on standing 
and deposited a gum. A portion of the freshly prepared base was passed through a 12 ft vapour 
phase chromatographic column packed with Silicone E301 at 200°C; the main fraction had a 
retention time of 8-5 min, while a second fraction believed to be 7-chloro-1-methyl-1,2-dehydro- 
pyrrolizidine and representing 5—-10% of the material, had a retention time of 6-I1 min. From 
the freshly prepared base was obtained a picrate which, after repeated crystallization from ethanol, 
had m.p. 234-6-235-5 °C, [x]; —68-4° (c, 0-81 in acetone) (Found : C, 43-6; H, 4-1; N, 14-5; 
Cl, 9-9; (C)Me, 0-5%. Calc. for C,H,,NCI.C,H,0O,N,;: C, 43-5; H, 3-9; N, 14-5; Cl, 9-2; 
1x (C)Me, 3-9%). 

(q) 7«-Hydroxy-1-chloromethyl- 1,2-dehydro-8-pyrrolizidine (X).—Heliotridine (5 g) was added 
slowly to ice-cold thionyl chloride (8 g) and the mixture kept at 0 °C for 30 min. Excess thionyl 
chloride was removed by evaporation under reduced pressure at room temperature and the residue 
crystallized from ethanol-ether to give fine colourless needles (4 g), m.p. 166-5—-167 °C, of the 
hydrochloride of (X) (Found: C, 45-6; H, 6-4; N, 6-5; Cl, 33-8%. Cale. for C,H,,ONCI.HC1: 
C, 45-7; H, 6-2; N, 6-7; Cl, 33-8%). The free base is not stable, being rapidly transformed 
to a white, high-melting powder, slightly soluble in methanol, but sparingly soluble in other 
organic solvents. The polymer is water-soluble and apparently of a quaternary nature. 

(r) Reduction of 7a-Hydroxy-1-chloromethyl-1,2-dehydro-8-pyrrolizidine with Zn/H,SO,.—The 
hydrochloride of (X) (4-0 g) was reduced by treatment with zinc and 2n H,SO, for 2hr. After 
filtration, the solution was made alkaline with NaOH and extracted with chloroform to give a 
colourless oil (2-6 g) R, 0-26; it had can —22-0° (c, 1-37 in ethanol). The crude base was 
converted to picrolonate, which by repeated crystallization from ethanol gave yellow needles 
(1-7 g), m.p. 232-233 °C, mixed m.p. with picrolonate of base A 203-205 °C (Found: C, 53-4; 
H, 5:2; N, 17-6; (C)Me, 3-5%. Calc. for C,H,,ON.C,,H,O,N,: C, 53-6; H, 5-3; N, 17°3; 
2x (C)Me, 7-4%). 7a-Hydroxy-1-methylene-8a-pyrrolizidine (III) was recovered from the picro- 
lonate by passage through a column of Deacidite FF resin ; it had [«}? —37 2° (c, 0-78 in ethanol) 
and formed a picrate, needles from ethanol, m.p. 174-175 °C, Cin —22-0° (c, 1-20 in acetone) 
(Found : Cc. 45-7; H, 4-3; N, 14-:9%. Cale. for C,H,,0N.C,H,0,N; : C, 45-6; H, 4-4; 
N, 15-2%). The melting point diagram of mixtures of the picrates of base A and (ITI) is shown 
in Figure 1. 
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Mother liquors from the first crystallization of the picrolonate were converted to free base 
on a column of Deacidite FF resin, giving colourless oil, fa}y +13-7° (c, 0-99 in ethanol). It 
was converted to the picrate, yellow needles from benzene, m.p. 154-155 °C, («#8 -0-0° (acetone), 
which had an infrared spectrum identical with that of the picrate of (IV) (Section IV (s)). 

(s) 7a-Hydroxy-1-methyl-1,2-dehydro-8a-pyrrolizidine (IV).—Heliotrine (12-5 g) was hydro- 
genated in ethanol solution over 10% palladium-—charcoal as catalyst (similar results were obtained 
using palladium on barium sulphate, both with and without pretreatment with quinoline), After 
890 ml (1 mole) hydrogen had been taken up, the catalyst was filtered off and the solvent 
evaporated ; the residue was taken up in dilute acid, the solution made alkaline with NaHCO, 
and extracted with chloroform to give a colourless gum (2-8 g) R,, 0-24, 0-36 (heliotrine 0-36). 
The aqueous mother liquors were made strongly alkaline with sodium hydroxide and extracted 
with chloroform to give a gum (6-6 g) R,, 0-24 which slowly crystallized. This fraction was dis- 
tilled at 114°C/3: 5mm and gave crystalline base (3- 5g), [x18 |.22-4°(c, 1-58 inethanol), which was 
recrystallized from light petroleum, b.p. 40-60 °C, as colourless prisms of 7«-hydroxy-1-methyl-1,2- 
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Fig. 1.—Melting point diagram of mixtures of 7«-hydroxy-1- 
methylene-8%- and 78-hydroxy-1-methylene-86-pyrrolizidine 


picrates. 


dehydro-8x-pyrrolizidine (IV), m.p. 67—68 °C, fa} > +31-1° (c, 1-84 in ethanol) (Found: C, 69-1; 
H, 9-3; N, 10-1; (C)Me, 6-2%. Calc. for C,H,,ON: C, 69-0; H, 9-4; N, 10-1; 1x(C)Me, 
10:8%). The picrate of (IV) separated from benzene as yellow needles, m.p. 150-161 °C, [aly 
+0-0° (acetone) (Found: C, 45-7; H, 4-6; N, 14-9; (C)Me, 2-5%. Calc. for C,H,,0N.C,H,O,N;j : 
C, 45-6; H, 4-4; N, 15-2; 1x(C)Me, 4-1%). The picrolonate of (IV) formed yellow needles 
from ethanol, m.p. 218-218-5 °C (Found: C, 53-7; H, 5-3; N, 17-3; (C)Me, 5:8%. Cale. for 
C,H,,0ON.C,,H,O,N,: C, 53-6; H, 5-3; N, 17-3; 2x(C)Me, 7-8%). 

On hydrogenation of (IV) in ethanol solution over 10% palladium—charcoal, 1 mole of 
hydrogen was taken up. The catalyst was filtered off and the solution evaporated, leaving a 
colourless gum, [«}8 —11-4° (c, 1-14 in ethanol). This was converted to the picrate, yellow 
needles from ethanol, m.p. 200—200-5 °C, not depressed on admixture with picrate of (I), [a}t® 


3°3° {c, 1-82 in acetone). 





(t) 7-Chloro-1-methyl-1,2-dehydro-8«-pyrrolizidine.—7 «-Hydroxy-1 - methyl - 1,2 - dehydro - 8« - 


pyrrolizidine (1-0 g) was added slowly to thionyl chloride cooled to 0 °C. The mixture was then 
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refluxed for 1 hr, cooled, and poured into ice-cold water. After filtering from insoluble material 
the solution was made alkaline with ammonia and extracted with ether, giving 0-44 g colourless 
oil, R,; 0-44. This was converted to the picrate, yellow needles from ethanol, m.p. 230-231 °C, 
any —31-4° (c, 1-35 in acetone) (Found: C, 43-9; H, 4-1; N, 14-3; Cl, 10-2; (C)Me, 3-0. 
Calc. for C,H,,NCI.C,H,0,N,: C, 43-5; H, 3-9; N, 14-5; Cl, 9-2; 1x (C)Me, 3-9%). 


(u) 78-Hydroxy-1-chloromethyl-1,2-dehydro-8a-pyrrolizidine.—This compound was prepared 
from retronecine hydrochloride by the method of Adams and van Duuren (1954). Its hydro- 
chloride was obtained as colourless prisms, m.p. 152-5—-153 °C, from ethanol—ether (Found : 
C, 45-5; H, 6-1; N, 6-2; Cl, 33-4%. Cale. for C,H,,ONCLHCI: C, 45-7; H, 6-2; N, 6-7; 
Cl, 33-8%). Adams and van Duuren report m.p. 152-153 °C. 


(v) Reduction of 78-Hydroxy-1-chloromethyl-1,2-dehydro-8a-pyrrolizidine with Zn|H,SO,—The 
hydrochloride described above (IV (u)) (9-3 g) was reduced by treatment with Zn dust and H,SO, 
for 2hr. After filtration the solution was made strongly alkaline with NaOH and extracted with 
chloroform, giving 5-8 g colourless gum, R, 0-26. This was distilled and 2 fractions collected : 
(1) 2-2 g, b.p. 70 °C/2 mm, [x8 —115-5° (c, 1-34 in ethanol). (2) 1-3g, b.p. 80 °C/1-5 mm, 
Cay —103° (c, 2-32 in ethanol). The two fractions were combined and crystallized repeatedly 
from light petroleum to give colourless plates of 78-hydroxy-1-methyl-1,2-dehydro-8«-pyrro- 
lizidine (VIT), Cy +-23-4° (c, 1-26 in ethanol), m.p. 77-79 °C, no depression on admixture with 
authentic (VII) (Found: C, 69-0; H, 9-5; N, 10-1; (C)Me, 7-2%. Cale. for C,H,,ON : 
C, 69-0; H, 9-4; N, 10-1; 1x(C)Me, 10-8%). (VII) formed a picrate, yellow needles from 
ethanol, m.p. 158-159 °C. Adams and Rogers give m.p. 77—78 °C, picrate, m.p. 157-158 °C. 

The mother liquors from the first and second crystallizations of (VII) were combined and 
picrate prepared from them. It separated from ethanol as yellow needles, [«}}? 49-3° (c, 1-43 
in acetone), m.p. 202-203 °C, not depressed on admixture with base B picrate (Found: C, 46-0; 
H, 4-6; N, 15-3%; (C)Me, nil. Cale. for C,H,,ON.C,H,O,N,: C, 45-6; H, 4-4; N, 15-2; 
1x (C)Me, 4-1%). 

The base was recovered from the picrate by passage of a solution in aqueous acetone through 
a column of Deacidite FF resin and the base distilled in a bulb tube at 50-70 °C/0-3 mm and 
crystallized from light petroleum (b.p. <40 °C) to give colourless needles, m.p. 35-36 °C, can 
—150-0° (c, 1-97 in ethanol). Part of the free base was converted to picrolonate, m.p. 
223-5-224-5 °C from ethanol. 

(w) 78-Hydroxy-1-methyl-1,2-dehydro-8a-pyrrolizidime (Deoxyretronecine)( VII).—Following the 
procedure of Adams and Rogers (1941), monocrotaline hydrochloride (27 g) was hydrogenated in 
aqueous solution over platinum oxide. The reaction was stopped- when 1650 ml (1 mole) of 
hydrogen had been taken up, and the mixture filtered and the solution extracted with ether to 
give monocrotalic acid (10-5 g). The aqueous solution was made alkaline with NaHCO,, and 
unreacted monocrotaline (2-5 g) extracted with chloroform ; the residual aqueous solution was 
then basified with NaOH and extracted with chloroform giving 13-3 g base. This was converted 
to its hydrochloride and the salt crystallized from methanol—acetone to give colourless plates 
(25g), m.p. 185-186 °C, [«]p’ —16-7° (c, 1-39 in water), [a]}) —1-0° (c, 1-03 in ethanol). 
(VII) was recovered from the hydrochloride and crystallized from light petroleum giving colourless 
plates (0-7 g), m.p. 79-80-5 °C, Can +23-6° (c, 1-56 in ethanol). 


(x) 1-Methyl-1,2-dehydro-8a-pyrrolizidine (Isoheliotridene)(VIII).—This base was prepared by 
a method similar to that used by Adams and Mahan (1943). 7«-Chloro-1-methyl-1,2-dehydro- 
8a-pyrrolizidine (0-8 g) was heated to 100 °C in an atmosphere of nitrogen for 3 hr with a solution 
of chromous chloride prepared by the action of amalgamated zinc on chromic chloride (20 g) 
dissolved in HCl in the absence of oxygen. After cooling, the reaction mixture was made strongly 
alkaline with NaOH and without filtering was extracted with light petroleum to give 0-6 g crude 
13-7° (c, 1+1 
in acetone), m.p. 208-209 °C, not depressed on admixture with the picrate of the product obtained 
by reduction of 1-chloromethyl-1,2-dehydro-8«-pyrrolizidine with Zn/H,SO, (Culvenor and Smith 
1959) (Found: C, 47-5; H, 4-8; N, 15-4; (C)Me,2-2%. Calc. for C,H,,N.C,H,O,N,: C, 47-7; 


oO 


(VIIT), R, 0-38. This was converted to picrate, yellow plates from ethanol, [a}8 
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H, 4-6; N, 15-9; 1x(C)Me, 4-3%). The base recovered from this picrate (0-3 g) was distilled 
in a bulb tube at 90-120 °C/100 mm. The distillate (VIII) had (aj? —42-8° (c, 1-45 in ethanol) 
and pK, 10-5. (VIII) formed a picrolonate, plates from ethanol, m.p. 186-187 °C (Found : 
(C)Me, 5:6%. Cale. for CgH,,N.C,jH,O,;N,: 2x(C)Me, 7-8%). The infrared spectrum of the 
picrolonate is identical with that of the picrolonate of the base obtained by Zn reduction of 
1-chloromethyl-1,2-dehydropyrrolizidine and differs appreciably from that of 1-methylene- 


pyrrolizidine picrolonate. 
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DEGRADATION OF CARBOHYDRATES* 
II, THE ACTION OF ACID AND ALKALI ON 3-DEOXYHEXOSONES 
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Summary 


The two 3-deoxy-p-hexosones, 3-deoxy-p-erythrohexosone and 3-deoxy-p-threo- 


quantitatively converted by acid to 5-(hydroxymethyl)-2-furaldehyde. 
The mechanism of the formation of 2-furaldehyde from sugars is discussed. 


hexosone, were 


Calcium hydroxide rapidly converted 3-deoxy-p-erythrohexosone to «- and §-gluco- 


metasaecharinic acids, and 3-deoxy-D-threohexosone to «- and §-galactometasaccharinic 


id 
ds 


{. INTRODUCTION 

The degradation of sugars by acids to furfurals and by alkali te meta- 
saccharinic acid has been postulated as proceeding through a common inter- 
mediate, a 3-deoxyosone. The preparation of 3-deoxy-D-hexosones was described 
in Part I of this series (Anet 19606) and the study of their reactions with acid 
and alkali is now reported. 

The role of 3-deoxyosones in the dehydration of sugars to furfurals is also 
discussed. 


Il. THE FORMATION OF 5-(HYDROXYMETHYL)-2-FURALDEHYDI 
Two types of mechanism have been proposed to explain the conversion 
of sugars by acids to furan derivatives. Haworth and 
Jones (1944) suggested that the first step involved the 
elimination of a molecule of water from the furanose 
form of a ketose to yield the enol (I). The only evidence 
to support this mechanism was that sugars which have 
a 2,5-anhydro ring usually form furan compounds 
readily. In all other proposed mechanisms the first 
removal of a hydroxyl group is at carbon atom three 
of the sugar to yield the enol (III) of a 3-deoxyosone (IV). 

Hurd and Isenhour (1932) and Wolfrom, Schuetz, and Cavalieri (1948) 
arrived at the enol (III), from the aldehydo form of an aldose, by the elimination 
of the hydroxyl group in the $-position to the carbonyl group. Their mechanism 
could be applied only to aldoses. 

Alternatively the enol (III) could be derived from the dehydration of the 
i,2-enediol (IIT) formed from either aldoses or ketoses during the Lobry de Bruyn- 


Alberda van Ekenstein transformation (Speck 1958). The formation of 


\ preliminary account has been given by Anet (1960q). 
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3-deoxyhexosones (IV; R=CH,OH) from N-substituted-1-amino-1-deoxy- 
ketoses has been explained in a similar way (Anet 1960b). The 3-deoxyosones 
or their enols require the further loss of two molecules of water to be converted 
to 2-furaldehydes (VI). 
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+ These compounds probably exist mainly in ring forms. 


The enol (III) could first lose a molecule of water to form a 2,5-anhydro ring 
(Hurd and Isenhour 1932); but there is no experimental evidence for this 
mechanism. Wolfrom, Schuetz, and Cavalieri (1948) postulated the dehydration 


of the deoxyosone (IV) to the unsaturated osone (V), which 


CEE nce, in the 2,5-furanose form (Va), was further dehydrated to 
COCH, give the furan ring. Isbell (1944) explained the formation 
| of the unsaturated osone (V) in terms of consecutive electron 
CH,OCH O displacement as taking place through the enol (IIT) and not 


directly from the osone (IV). Wolfrom, Wallace, and 


HCOCH, Metcalf (1942) had previously obtained evidence for the 





HC ————— unsaturated osone as an intermediate in the formation of 
2-furaldehydes. They had isolated the unsaturated osone 

CH,OCH, (V; R=CH,OCH,), as the phenylosazone, from the con- 
(VIT) version of 2,3,4,6-tetra-O-methyl-1,2-p-glucoseen (VII) into 


5-(methoxymethyl)-2-furaldehyde (VI; R=CH,OCH,). 
Evidence that 3-deoxyosones and unsaturated osones are intermediates in the 
formation of 2-furaldehydes is given in this paper. 


The rates of conversion of the two 3-deoxy-D-hexosones in 2N acetic acid 
to 5-(hydroxymethyl)-2-furaldehyde are shown in Figure 1. Excluding a short 
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initial lag period, the reactions appeared to be first order, the threo-isomer reacting 
2-5 times faster than the erythro-isomer. The lag was more easily observed by 
carrying out the reaction in weaker acid (0-03N) (Fig. 2, curve 3). The lag 
period is consistent with the accumulation of small amounts of a more reactive 
intermediate in the initial stages. Spectroscopic examination of the early 
stages of the reaction (Fig. 3) showed the appearance of a peak at 228 mu, and 
later of one at 284 my. The absorption at 284 my and, except at the beginning, 
the major part of that at 228 my were both shown to be due to 5-(hydroxymethy]l)- 
2-furaldehyde. These results are very similar to those obtained by Wolfrom, 
Schuetz, and Cavalieri (1948) when they heated weakly acid solutions of glucose. 


100 
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Fig. 1.—The formation of 5-(hydroxymethy])-2-furaldehyde from 


the 3-deoxy-p-hexosones heated at 100°C in 2N aqueous acetic 
acid calculated from the absorption at 284 mu. 


3-Deoxy-p-threohexosone ; 3-deoxy-p-erythrohexosone 


These workers suggested that the absorption at 228 my in the early stages 
was due to the conjugated enal form of (IIT) (enol form of (IV)). Speck (1958) 
doubted that a sufficient proportion of the enol (III) would be present in solutions 
of the osone (IV) for it to be apparent in the spectra. He based this judgment 
on the behaviour of pyruvaldehyde, the ultraviolet spectrum of which showed 
little, if any, enol content. The absence of strong absorption, in the ultraviolet, 
shown by aqueous solutions of 3-deoxyhexosones (Anet 1960b) confirms his view. 
Furthermore compounds such as the enolic form of a 3-deoxyosone, with the 
R —CH=C(OH) —CHO chromophore would be expected to have their maximum 
absorption near 260 my, and not at 228 my (Gillam and Stern 1954). The 
absorption at 228 muy is therefore not due to the enolic form of the 3-deoxyosone. 
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It may be due to the enone (V) (Speck 1958), a compound with the 
R—CH=CH —COR’ chromophore. 

A paper chromatographic study of the early stages of the action of dilute 
acetic acid on 3-deoxy-D-erythrohexosone showed the appearance of two additional 
spots both of higher RF, value than the osone spot. The additional spot with the 
higher Rk, value was due to 5-(hydroxymethyl)-2-furaldehyde, while the other 
spot showed identical &, values and colour reactions with compound U1* (Anet 





MOLES 

















Fig. 2.—The formation of 5-(hydroxymethyl)-2-furaldehyde from 
various substances heated at 100 °C in 0-03N aqueous acetic acid 
calculated from the absorption at 284 mu. 

1, Compound U1 (by-product from the decomposition of difructos 
glycine) : 2, difructoseglycine : » 3-deoxy -p-erythrohexosone 


4, fructoseglycine ; 5, fructose: 6, glucose (nil, not shown). 


1960b) which was isolated in traces in the preparation of the 3-deoxyhexosones. 
Compound U1 was very rapidly transformed to 5-(hydroxymethyl)-2-furaldehyde 
without any detectable lag period (Fig. 2). 


The rates of formation of 5-(hydroxymethyl)-2-furaldehyde (VI; 
R=CH,OH) as measured by absorption at 284 mp from various substances, 
in (@-03N acetic acid at 100 °C, are compared in Figure 2. Glucose did not 
give any absorption at 284 my, and that from fructose was only just detectable. 
Fructoseglycine reacted more quickly, but showed an initial lag period. This 
early stage probably represents the building up of the intermediate, 3-deoxy-p- 
erythrohexosone. 3-Deoxy-D-erythrohexosone itself reacted faster and also 


* Small amounts of Ul were freed of 5-(hydroxymethy])-2-furaldehyde by further chromato- 
graphy on paper columns. The chromatographically pure Ul showed a sharp absorption peak in 


the ultraviolet (Amax, 228 mu. ¢ 7000) (Anet, unpublished data). 



























DEGRADATION OF CARBOHYDRATES. I 299 


showed a lag period, although of much shorter duration, during which a more 
reactive intermediate (V) was probably accumulated. The behaviour of 
difructoseglycine is more complicated because during the first few minutes it is 
decomposed (% decomposition in about 4 min) to fructoseglycine and 3-deoxy-p- 
erythrohexosone and traces of glucose, mannose, and Ul. As expected, the 
rate for the formation of 5-(hydroxymethyl])-2-furaldehyde was essentially that 
of an equimolecular mixture of fructoseglycine and 3-deoxy-D-erythrohexosone 
except in the toe of the curve. The formation of a small percentage of U1 
during the decomposition of difructoseglycine probably accounts for the smaller 
lag period. 














T T 
— 
s = 
= - 
1 
My 
Fig. 3. \bsorption spectra of a solution of 3-deoxy-p-erythro 


hexosone (1 mM) in 0-03N aqueous acetic acid after various 
heating times (min) at 100 °C, 

1, 15 min (1% yield of 5-(hydroxymethy]l)-2-furaldehyde, calc. 
from the absorption at 284 my); 2, 30min (3%); 3, 60 min 


(9%): 4, 120 min (22%). 

The above reactions support the following mechanism for the acid catalysed 
formation of 2-furaldehydes from aldoses or ketoses. Firstly, enolization in the 
,2-position and elimination of the hydroxyl group from carbon 3 occurs to 
yield the enolic «2-unsaturated aldehyde (III) (after hydrolysis of the amine 
group in the case of ketoseamines, cf. Anet 1960b). Secondly, this enol (III) 
which is in equilibrium with the 3-deoxyosone (IV), is dehydrated further to the 
unsaturated osone (V). The last step involves the loss of the third molecule of 
water probably from the 2,5-furanose form (Va) of the unsaturated osone to yield 

the 2-furaldehyde (VI). 
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III. THE FORMATION OF METASACCHARINIC ACIDS 
3-Deoxyosones are generally accepted as intermediates in the conversion 
of sugars by alkali to metasaccharinic acids (Sowden 1957). Proof for this 
mechanism has only recently been obtained by Machell 


CHO COOH and Richards (1960). They isolated 3-deoxy-D-erythro- 
| hexosone, from the action of alkali on 3-O0-benzyl-p- 
CO CHOH glucose, and showed that it was readily rearranged by 
| Ca(OH), | aqueous calcium hydroxide to the glucometasaccharinic 
CH, ——— CH, acids. The ready formation of metasaccharinie acids 
C,H,0, ey ), from 3-deoxyhexosone which was reported earlier (Anet 


1960a) is given here in more detail. Both the D-erythro- 
and the D-threo-isomers of the 3-deoxyhexones are shown to rearrange in aqueous 
calcium hydroxide to yield «- and {-glucometasaccharinic acids and «- and 8- 
galactometasaccharinic acids respectively (Table 1). 


TABLE | 


RATE OF FORMATION OF METASACCHARINIC ACIDS FROM 3-DEOXY 
HEXOSONES BY THE ACTION OF AQUEOUS Ca(OH), Ar 25 °C 


Acid Formed (equiv/100 moles) 


Time 
(min) 3-Deoxy-b-erythro- 3-Deoxy -pb-ihreo 
hexosone in 0-04N hexosone in 0:445N 
Ca(OH), Ca(OH), 
5 35 47 
10 47 | 54 
20 D4 64 
40 57 74 
SU 63 86 
24" 94 96 
* Hours. 


IV. EXPERIMENTAL 
(a) Formation of 5-(Hydroxymethyl)-2-furaldehyde.—The 3-deoxyhexosones and compound U1 
were chromatographically pure (Anet 19606 and unpublished results see footnote, Section II 
of this paper) and the difructoseglycine and fructoseglycine (Anet 1957, 1959, 19606) were 
recrystallized several times. 
(i) Solutions of the compound (2 mM) in aqueous acetic acid (0-93N or 2N) were heated at 


100 °C, At intervals aliquots (2 ml) were withdrawn, diluted with water, and their ultraviolet 


absorption spectra determined (Beckman spectrophotometer model D.U. &tted with photo- 
multiplier tube), For the determinations of absorptions below 260 my the acetic acid in the 
solutions was removed with a strong base ion-exchange resin in the carbonate form. The vields 


of 5-(hydroxymethyl)-2-furaldehyde, calculated from the absorption at 284 my (assuming 
Emax, = 16500), are shown in Figures 1, 2, and some of the absorption curves in Figure 3. At the 
end of the reactions the absorption curves were identical with that from authentic 5-(hydroxy- 
methyl)-2-furaldehyde. Some of the aliquots were concentrated and examined by paper chromato- 
graphy on No. | ‘‘ Whatman ”’ paper with n-butanol-acetic acid—water (4: 1: 1 v/v) as solvent. 


Alkaline silver nitrate and naphthoresorcinol—trichloracetic acid reagents were used to detect the 


spots. The colours produced and R,, values were as described previously (Anet 1960b). 
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(ii) 3-Deoxyhexosone (100 mg) was heated with 2Nn acetic acid at 100 °C for 16 hr, cooled, 
and then excess 2,4-dinitrophenylhydrazine in aqueous perchloric acid was added. The pre- 
cipitate was filtered off, washed with aqueous perchloric acid and water, and recrystallized from 
ethanol. The hydrazones from the decomposition of both 3-deoxy-p-erythrohexosone and 
3-deoxy-p-threohexosone decomposed at 197-199 °C and melted at 201—203°C. The melting 
points were not depressed by an authentic specimen of 5-(hydroxymethyl)-2-furaldehyde 2,4- 
dinitrophenylhydrazone (cf. Wahhab 1948) (Found: C, 47-2, 47-3; H, 3-5, 3-3; N, 18-0, 
17-9% from the p-erythro- and D-threo-isomers respectively. Cale. for C,,H,O,N,: C, 47-1; 
H, 3-3; N, 18°3%). 

(b) Formation of Metasaccharinic Acids.—({i) Quantitative. The 3-deoxyhexosone (160 mg) 
was dissolved in oxygen-free aq. Ca(OH), (0-48n ; 50 ml). Aliquots were withdrawn periodically 
and run into an excess of washed sulphonated polystyrene resin. The resin was filtered off and 
washed with water (310ml) and the combined filtrates were titrated against 0-0ln NaOH 
(phenolphthalein) (Corbett and Kenner 1955). The results are shown in Table 1. Some of the 
aliquots were treated further. The sodium ions were removed with a cation-exchange resin 
giving the free acids which were run on paper chromatograms as the lactones (Abdel-Akher and 
Smith 1951). The only lactone spots visible were the gluco- or galactometasaccharinic lactones 
from the D-erythro- or D-threo-isomer respectively. 

(ii) Isolation of Calcium 8-Glucometasaccharinate. 3-Deoxy-p-erythrohexosone (3g) was 
treated with oxygen-free aq. Ca(OH), (0-04n ; 21.) for 26hr. The solution was saturated with 
carbon dioxide, boiled, and filtered. The filtrate was concentrated and treated successively 
with a cation-exchange resin and a strong base resin in the carbonate form. The metasaccharinic 
acids were eluted from the basic resin with (NH,),.CO,, and were converted to the calcium salts 


which were seeded with the 8-isomer. The crude calcium $-glucometasaccharinate was recrystal- 


D 22° (ef. Nef 1910) (Found: C, 35-9: H, 5-8%. Cale. for 
(C,H,,0,).Ca: C, 36-2; H, 5-6%). 


° . ’ 
lized from aqueous ethanol [« 
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XII. BISULPHITE ADDITION COMPOUNDS OF ALDOSE SUGARS, OSONES, 
AND SOME RELATED COMPOUNDS 


By D. L. INGLEST 
Manuscript received December 20, 1960 


Summary 
The sulphur dioxide released by aldose bisulphite addition compounds and their 
amine derivatives has been measured by the methods of Monier-Williams and Adams 
and Garber, and by direct iodine titration in acid solution. 
Bisulphite has been shown to react with glucosone, glycerosone, reductone, 3-deoxy- 
glucosone, and dehydroascorbie acid and crystalline addition compounds have been 


isolated from dehydroascorbie acid and glycerosone. 


I. INTRODUCTION 

The preparation of a number of aldose bisulphite addition compounds has 
been described (Ingles 1959a, 1959b) and their stability in aqueous solution has 
been studied polarimetrically (Ingles 1959c). The present paper discusses 
methods for the detection and estimation of aldose bisulphite addition compounds. 
Addition compounds are now shown to form from glycerosone, reductone, 
glucosone, 3-deoxyglucosone, and dehydroascorbie acid. The addition com- 
pounds have been isolated from glycerosone and dehydroascorbie acid in 


crystalline form. 


II. ESTIMATION OF ALDOSE BISULPHITE ADDITION COMPOUNDS 
The aldose bisulphite addition compounds studied were of two types, 
(I) and (II), formulated for the D-glucose reaction products. X was potassium 
or anilinium and R was phenyl. 


SO,X SO,X 
HO—C—H RNH d. Hl 
H—C—OH H—C—OH 
HO é H HO é H 
H ( OH H- é OH 
nt OH H b_on 
b.on b,0n 

(I) (II) 


*For Part XI of this series see Ingles, D. L. (1960). Aust. J. Chem. 13: 404. 
+ Division of Food Preservation, C.S.I.R.O., Homebush, N.S.W. 
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The sulphur dioxide content of these addition compounds was estimated 
by the modified Monier-Williams method (cf. Shipton 1954) and by the method 
of Adams and Garber (1949). In the former method sulphur dioxide is distilled 
at 100 °C from an aqueous acid solution of the addition compound. However, 
Adams and Garber’s method involves the cold alkaline hydrolysis of the addition 
compound, acidification, and estimation of the liberated bisulphite by titration 
with standard iodine solution. Estimations of free bisulphite in 10% acetic 
acid solutions of the addition compounds were also made. The results are shown 


in Table 1. 


raBLeE | 
SULPHUR DIOXIDE CONTENT “..) OF ALDOSE BISULPHITI DDITION COMPOUNDS 
Type (1) Compound Method of Estimation 
one Calculated 
Parent litration Adams and Monier- Value 
Aldose X in 10% Garbet Williams 
\ceti \cid 
p-Glucose Potassium 0 Is-9 19-8 20-2 
p-Galactose Potassium 3-6 19-7 20-8 21-2 
p-Mannos« Potassiui 0-7 20-8 21-1 21-2 
L-Rhamnose Potassiun 0-5 19-2 20-4 20-1 
[ype (IT) Compound 
Parent x 
: t 
\ldose 
p-Glucose Potassium Pheny] 15-0 15-4 16-1 16-2 
p-Glucose Anilinium Phenyl! 13-1 13-2 14-5 | 14-8 
p-Galactose Anilinium Phenyl 13-1 13-0 13-8 14-3 
p-Mannose Aniliniun Pheny! 12-8 13-2 14-6 14-8 


The Monier-Williams method gave results for sulphur dioxide content that 
were close to the calculated values for both type (I) and type (II) addition 
compounds. The method of Adams and Garber gave results which were slightly 
low. These low values may be due to incomplete hydrolysis of the addition 
compound or to some recombination of aldose and bisulphite after acidification 
of the solution. 

Direct titration of the bisulphite liberated in 10°, acetie acid solution 
showed a marked difference in behaviour between types (I) and (II). Type (I) 
compounds, the «-hydroxysulphonic acids, were only slightly dissociated in 
this solvent whereas the «-aminosulphonic acids (type (II)) were almost com- 
pletely dissociated. 

The formation of addition compounds has customarily been observed and 
measured by estimating uncombined bisulphite by iodine titration (cf. Joslyn 
and Braverman 1954). The present results show that this procedure is reason- 
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ably satisfactory for aldose bisulphite addition compounds when carried out in 
the absence of amines and in 10% acetic acid solution. Amines or amine 
bisulphites may react to form type (II) compounds (Ingles 1959b), which 
dissociate almost completely in acid and thus cause incorrect estimates of addition 
compound formation. 


III. THE REACTION OF BISULPHITE WITH OSONES AND SOME RELATED 
COMPOUNDS 
The reaction of bisulphite with osones and some related compounds has 
been studied and shown to lead, in some cases, to addition compound formation. 
The carbonyl compound and sodium bisulphite were allowed to react for } hr 
in aqueous solution at 25°C. The mixture was then dissolved in 10% acetic 
acid and the uncombined bisulphite estimated. The results obtained with some 


carbonyl compounds are shown in Table 2. 


TABLE 2 
COMBINATION OF CARBONYL COMPOUND (Il MMOLE), SODIUM BISULPHITE (| MMOLE), AND WATER 


(200 G/100 G sotips) aT 25 °C For } HR 


Percentage Percentage 
Compound Reacted sisulphite Compound Reacted Bisulphite 
Combined Combined 
Fructose a - oe Ot Glucosone ale : — 54 
Glycine fructose* ; ‘ 0 Glycerosone (hydroxypyruv- 
Difructoseglycinet fe i 7 aldehyde) .. te os 100 
Ascorbic acid ‘ ee 0 3-Deoxyglucosone . ‘a 16 
Dehydroascorbie acid , 100 teductone .. on 100 





* 1-(Carboxymethylamino)-1l-deoxy-p-fructose. 
+ 1,1’-(Carboxymethylamino)bis-1-deoxy-p-fructose, 


tef. Braverman (1953). 


None of the monoketo sugars combined with bisulphite. The reaction of 
difructoseglycine (7-5°) was possibly due to the formation of decomposition 
products (cf. Anet 1959). Ascorbic acid did not react to form an addition 
compound but extensive combination was observed with glucosone, 5-deoxy- 
glucosone, glycerosone, reductone, and dehydroascorbic acid. 

Other reactions, for example the disproportionation of bisulphite to sulphate 
and sulphur and the formation of sugar sulphates, may also cause a decrease 
in the concentration of bisulphite. However, such reactions are relatively 
slow (cf. Ingles 1960a, 1960b) and are therefore unlikely to affect the validity 
of the present results. 

Analysis of mixtures containing 2 moles of bisulphite per mole of reducing 
compound showed that reductone and glycerosone each combined with additional 
bisulphite. Thus reductone rapidly combined with 1-49 moles of bisulphite 
per mole of reductone at room temperature. Glycerosone combined with 


1-0 mole of bisulphite per mole of glycerosone at room temperature, increasing 
to 1-2 moles after 1 hr, or to 1-75 moles after warming at 100 °C for 20 minutes. 
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From this latter mixture the glycerosone bis-bisulphite addition compound 
was isolated, showing that the decrease in bisulphite concentration resulted 
from addition compound formation. 


[V. ISOLATION OF BISULPHITE ADDITION COMPOUNDS 

Crystalline bisulphite addition compounds were isolated from the reaction 
of bisulphite with dehydroascorbic acid or glycerosone. 

Dehydroascorbiec acid reacted immediately with potassium bisulphite 
when aqueous solutions of the two compounds were mixed (cf. Ingles 1959a), 
and the addition compound crystallized. It contained two molecules of water of 
crystallization and 1 mole of potassium bisulphite per mole of dehydroascorbic 
acid. This addition compound was most conveniently prepared from ascorbic 
acid without preliminary isolation of the intermediate dehydroascorbic acid. 
Ascorbie acid was oxidized with iodine in methanol (Kenyon and Munro 1948) 
and the resulting syrup reacted with aqueous potassium bisulphite to form the 
addition compound in high yield (75°). 

It is not known whether the bisulphite is attached to the carbonyl group at 
C, or C 


bisulphite per mole of dehydroascorbic acid were unsuccessful. 


3. Attempts to prepare an addition compound containing 2 moles of 


The addition compound from glycerosone contained two moles of sodium 
bisulphite per mole of glycerosone. This derivative crystallized readily when 
the aqueous mixture of glycerosone and bisulphite was evaporated to a syrup 
and heated briefly at 100 °C. 


VY. CONCLUSION 

Reductones (Hodge and Rist 1953) and 3-deoxyosones (Anet 1960; Kato 
1960) have been postulated as intermediates in non-enzymic browning reactions 
and other deteriorative changes in foods. The reductone, ascorbic acid, has been 
oxidized at 100 °C (Ingles 1960a) by bisulphite to dehydroascorbie acid, a com- 
pound now shown to form a bisulphite addition compound. That osones also 
form such addition compounds supports the theory (Stadtman 1948) that addition 
compounds may help to explain the preservative action of sulphur dioxide in 
foods. 

VI. EXPERIMENTAL 

Microanalyses were carried out in the C.S.1.R.O. Microanalytical Laboratory at the University 
of Melbourne. 

(a) Preparation of Compounds Studied.—The aldose bisulphite addition compounds were 
prepared as described previously (Ingles 1959a, 19596). 

The following compounds were prepared by the methods indicated : dehydroascorbie acid 
(Kenyon and Munro 1948); glucosone (Fischer 1889); glvcerosone (Evans, Carr, and Krantz 
1938) ; reductone (Euler and Martius 1933). 

i) Modified Monier-Williams Method. The addition 


compound (0-3 g) was analysed as described by Shipton (1954). 


(b) Sulphur Dioxide Estimations. 


(ii) Method of Adams and Garber. The addition compound (0-3 g) was dissolved in 2n 
NaOH (20 ml) and held at 25 °C for } hr. Acetie acid (10°) was added in excess and the solution 


was titrated with 0-1N iodine using starch indicator. 
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(iii) Acid lodine Titration. The addition compound (0-3 y) was dissolved in 10% acetic acid 


(20 ml) and the free bisulphite was titrated with 0-1ln iodine. Results are shown in Table 1. 


(c) Detection of Bisulphite Addition Compounds.—The carbony] compound (1 mmole), sodium 
bisulphite (1 mmole), and water (200 g/100 g solids) were mixed and kept at 25 °C for }hr to 
allow formation of the addition compound. The mixture was then dissolved in 10% acetic acid 
(20 ml) and the uncombined bisulphite was estimated by titration with 0-1N iodine. Appropriate 
corrections were made for the iodine consumed by ascorbie acid and reductone in these experi- 


ments. The results obtained with this method are shown in Table 2. 


Reductone (1 mmole) or glycerosone (1 mmole), sodium bisulphite (2 mmoles), and water 
(200 g/100 g solids) were mixed and analysed as described above. Reductone combined with 
1-49 moles of bisulphite after § hr at 25°C. Glycerosone combined with 1-2 moles of bisulphite 


after 1 hr at 25 °C and with 1-75 moles after 20 min at 100 °C. 

(d) Isolation of the Dehydroascorbic Acid Bisulphite Addition Compound.—(i) From Dehydro- 
ascorbic Acid. Dehydroascorbic acid (1-7 g) was dissolved in water (2 ml) and added to a solution 
of potassium bisulphite (1-2 g) in water (1-5 ml). The addition compound crystallized after 
5 min and was filtered off and washed with 95% ethanol (yield: 2g, 60%). The compound 


s : ee , ; : 
crystallized as a dihydrate [x]p 35-0° (c, 1-5 in 10% acetie acid). One molecule of water of 
crystallization was lost after drying to constant weight at 60 °C under vacuum over P,O, (Found : 
C, 23-6; H, 2-9; S, 10-2; K,12-8%. Cale. for C,H,0O,SK.H,O: C, 23-0; H, 2 


’ 9.20 
K, 12-8%). 





Recrystallization was effected from either 10% acetic acid or dimethylformamide. The 
addition compound did not melt but decomposed slowly above 150 °C with a large increase in 
volume. 

(ii) From Ascorbic Acid. Ascorbie acid (0-25 mole) was oxidized with iodine in methanol 
solution as described by Kenyon and Munro (1948). The methanol was evaporated under vacuum 
to yield a syrup which was dissolved in water (30 ml) and added to a solution of potassium 
bisuiphite (0-25 mole) in water (40ml). An exothermic reaction ensued. Cooling caused 
precipitation of the crystalline addition compound (yield: 62-0g, 75%) with the properties 
described above. 

(e) Isolation of the Bisulphite Addition Compound from Glycerosone.—Glycerosone (0-1 mole) 
was treated with sodium bisulphite (0-1 mole) in water (200 g/100 g solids). The mixture was 
evaporated to a light syrup. The addition compound (yield: 10-5 g, 31-5%) erystallized 
slowly when the syrup stood at 25 °C but more rapidly after heating to 100 °C for $ hr and cooling. 
The crystalline mass was mixed with 50% ethanol and filtered and the crystals were washed with 
80% and anhydrous ethanol. The compound was recrystallized from 10% acetic acid. The 
crystals contained two molecules of water of crystallization which were lost on drying at 60 °C 
under vacuum over P,O, (Found: C, 12-6; H, 2:3; 8S, 21-2; Na, 15°4%. Cale. for 
C,H,O,S,Na,: C, 12-2; H, 2-0; 8, 21-6; Na, 15-6%). Yields were not increased when 2 moles 


of bisulphite per mole glycerosone was used. 
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THE FORMATION OF 4—PYRIDINE METHANOL FROM ISONICOTINIC 
ACID HYDRAZIDE (ISONIAZID) BY MYCOBACTERIA 


By JEAN YOUATT* 
[Manuscript received October 31, 1960) 


Summary 
4-Pyridine methanol has been isolated and identified as a breakdown product of 
isonicotinic acid hydrazide (isoniazid) by Mycobacterium tuberculosis B.C.G. The 
methiodide and hydrochloride were prepared and analysed and mixed melting points 
were determined with synthetic 4-pyridine methanol derivatives. Ultraviolet and 


infrared spectra are shown. 


I. INTRODUCTION 

Isoniazid is used as a drug in the treatment of tuberculosis. Isonicotinic 
acid has long been described as a breakdown product of isoniazid but investiga- 
tions with radioactive isoniazid show the formation of another product by 
mycobacteria which were sensitive to isoniazid (Youatt 1961, unpublished data). 
A resistant strain of the organism produced only the acid from isoniazid and heat- 
killed organisms produced traces of isonicotinic acid but no trace of the compound 
which has been identified as 4-pyridine methanol. The present paper is con- 
cerned with the isolation and identification of 4-pyridine methanol from 
suspensions of B.C.G. after exposure to isoniazid. 


Il. RESULTS 

About 40 mg of the unknown compound was isolated and found to be a 
white, hygroscopic solid which was unsuitable for analysis. The methiodide 
was prepared and from the analysis the original compound was calculated to be 
C,H,NO and an estimate of the molecular weight by isothermal distillation 
gave 134. 

1-Pyridine methanol (C,H,NO) was described as a hygroscopic solid melting 
at 47-50 °C. The hydrochloride melted at 175 °C (Rabe et al. 1938). The 
melting point of the hydrochloride was given as 176-180 °C (Mosher and Tessieri 
1951) and 175-179 °C (Berson and Cohen 1955). No description of 4-pyridine 
methanol methiodide was found. The hydrochloride of the isolated material 
was prepared and had a melting point of 175-177 °C. 

A sample of 4-pyridine methanol was required for the determination of 
mixed melting points with the derivatives of the isolated material. This was 
prepared by the reduction of 4-pyridine aldehyde with aluminium isopropoxide. 
The unknown compound was then identified as 4-pyridine methanol on the 
analyses of the hydrochloride and the methiodide and the mixed melting points 
with the derivatives prepared from the synthetic 4-pyridine methanol. 


* Department of Bacteriology, University of Melbourne. 











4-PYRIDINE METHANOL FROM ISONIAZID 309 


2h ° 
VA 
1-0} gy 
yj 
> \ 
- 0 \ 
G O-8r \ 
z 9 lad 
w /} \ 
ra) \ / \ 
zt ° ‘ 
§ O-6+ g 
Y \ ip ¢ 
\ 
o \ / . 
° \ \. ye) 
0-4 \ eat 2 
0-2} 
| 
j \ 
o-oL__ a Paes wall , S—2—— 
210 220 230 240 250 260 270 280 290 
WAVELENGTH (My 
Fig. 1.—Ultraviolet absorption spectra for synthetic and isolated 
4-pyridine methanol hydrochloride at pH 7. Sample isolated 


from B.C.G. suspensions. @ Synthetic compound. 


Spectra 

Figure 1 shows the ultraviolet spectrum of the synthesized and isolated 
1-pyridine methanol hydrochloride at pH 7. In acid solution 4-pyridine methanol 
had Amin. 235, Amax, 252 my with a molar extinction coefficient at 252 my 4950. 
In neutral solution Ain, WAS 227, Amax. 255 mp with molar extinction coefficient 
at 255 my 2420. 

Figure 2 shows the infrared spectra of the synthesized and isolated 4-pyridine 
methanol hydrochloride in KCl disks recorded with an Infracord. 
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Fig. 2.—Infrared spectra for synthetic and isolated 4-pyridine methanol hydrochloride in 


KCl disks. Upper spectrum the synthetic compound, lower spectrum the isolated material 








310 JEAN YOUATT 


III. Discussion 

Suspensions of B.C.G. which are sensitive to isoniazid break down the 
isoniazid to isonicotinie acid and 4-pyridine methanol. The destruction of 
isoniazid goes to completion under suitable experimental conditions (Youatt 
1960) but it has not been possible yet to determine the relative proportions of 
acid and alcohol produced since both compounds tend to be lost on the pre- 
cipitates of contaminating materials in the suspensions. Experiments with 
radioactive isoniazid usually showed about twice as much acid as alcohol but it 
is possible that the losses of the volatile alcohol would be greater than of the acid. 

The appearance of both the acid and the alcohol suggested the intermediate 
formation of 4-pyridine aldehyde. The organisms were found to metabolize 
the aldehyde with the formation of isonicotinic acid and 4-pyridine methanol 
(Youatt 1961, unpublished data). At 30 ug/ml of aldehyde the alcohol is the 
only detectable product of the breakdown. At 3000 ug/ml the ratio of alcohol 
to acid is between 2 and 3 to 1. These results strongly suggest that two enzymes 
of widely different Michaelis constants are involved. The over-all breakdown of 
isoniazid to isonicotinic acid and 4-pyridine methanol may be the result of 
several enzyme activities in which 4-pyridine aldehyde may be one intermediate. 


[V. EXPERIMENTAL 

Melting points were not corrected. Analyses were carried out by the C.S.I.R.O. Micro- 
analytical Laboratory. The amount of material isolated from the bacterial suspensions was not 
sufficient to permit recrystallization to maximum melting point of the samples submitted for 
analysis. The melting point of the sample used for analysis is therefore quoted with the analytical 
figures. Smaller samples were recrystallized for the melting point determinations. 

(a) Isolation of 4-Pyridine Methanol from Bacterial Suspensions.—Details of the preparation 
and use of washed cell suspensions of B.C.G. have been published previously (Youatt 1960). Cell 
suspensions were shaken in air at 37 C with 200 ug/ml isoniazid for 24 hr. The supernatants 
were concentrated in a vacuum below 40°C. Much contaminating material was removed by 
treatment with alcohol and the concentrate was applied to Whatman 3MM chromatography paper 
and developed in acetone—n-butanol—water (70: 20: 10v/v) by ascending chromatography over 
10in. The unknown compound had an R,, of 0-9 and overlapped with unchanged isoniazid. The 
eluted material was treated with bromine to oxidize isoniazid to isonicotinic acid which was 
separated by chromatography after the pH had been adjusted to 7-5-8-0. The unknown com- 
pound was eluted, dried, and sublimed in a vacuum to yield a white, hygroscopic solid which 
melted at about 40 °C and was recrystallized from benzene and light petroleum and resublimed in a 
vacuum at 30-40 °C, 

An alternative method of isclation was tested when the identity of the compound was known. 
After the first chromatogram the eluted material was concentrated, made alkaline with Na,CO,, 
and extracted with ether. The ether was removed and the compound sublimed in a vacuum at 
60 °C. 

(b) Preparation of 4-Pyridine Methanol.—4-Pyridine aldehyde was reduced under the con 
ditions described by Clemo and Hoggarth (1941) for the reduction of 4-acetylpyridine. ‘I! 
reaction was complete in 1} hi 

(c) Preparation of Methiodides. An excess of methyl iodide was added to the dry solid 
{-pyridine methanol. After 5 min at room temperature and 5 min in a boiling water-bath the 
exc23s reagent was pumped off and the product recrystallized from n-butanol, m.p. (synthetic 


compound) 98 °C; (isolated compound) 96 °C; and mixed m.p. 96 “¢ Analysis of the isolated 


{-pyridine methanol methiodide, pale yellow needles, m.p. 94°C (Found: C, 33-0; H, 4-0; 
N.5°1: 0.6°9: T,49-5°, Cale. for C-H,,NOT: C, 33:5; H. 4:0; N.5°6; O,6°4; 1, 50-6%, 
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(d) Preparation of the Hydrochlorides.—Conc. HCl was added to the dry 4-pyridine methanol 
and the excess acid pumped off. The product was recrystallized from n-butanol, m.p. (synthetic) 
175-177 °C; (isolated compound) 175-177 °C, and mixed m.p. 175-177 °C. 

Analysis of the isolated 4-pyridine methanol hydrochloride white needles, m.p. 169 °C (Found : 
C, 49-1; H, 5-5; N, 9-1; O, 11-1%. Cale. for C,H,NOCI: C, 49-5; H, 5-5; N, 9-6; 
O, 11-0%). 
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SOLVENT SHIFT OF C=O STRETCHING FREQUENCY AND 
POLARIZABILITY* 


By R. J. W. LE FEVRET 


It has recently been shown (Armstrong et al. 1958) (a) that the effect of 
change of state on apparent molecular polarizability can be predicted by equations 
of the type 

b$/b3 =1 —(nz —1)(0-333 —k,)/(ni +2), (1) 


where b§ and b} denote the polarizabilities, along the direction i, of a molecule 
respectively as a solute and as a vapour, k; is an anisotropy factor for the molecule, 
and », is the refractive index of the solvent ; all b’s are herein quoted in 10-3 e.c. 
units ; and (b) that stretching frequencies of bonds can be empirically connected 
(Le Févre 1959) with longitudinal polarizabilities by relations such as 
Vyy=(9273/r’xy)/(bE* | M)t —254, (2) 


where ry, is the inter-centre distance in A units for the bond XY, M is the reduced 
mass, and bf” is the longitudinal polarizability of XY; v,) is in em-?. In 
combination, (1) and (2) should allow solvent shifts of stretching frequencies to 
be calculated a priori; this possibility has now been examined with the data 
for vc=o in acetone listed by Bellamy and Williams (1959). 

In Armstrong et al.’s (1958) paper the factors k; were approximations 
estimated from scale drawings; however since the principal polarizabilities of 
acetone are known (Le Févre and Rao 1947) to be b,=0-701, b,=0-684, and 
b,=0-482 in carbon tetrachloride, k, is here obtained as 0-279 from the ratios 
b,/b, and b,/b, in conjunction with the graphs published by Osborn (1945). For 
acetone in carbon tetrachloride therefore bj/b] =0-9853; if the changes with 
medium of b, for acetone are assumed to be changes of by “. then (since anid 
deduced from measurements by Le Févre, Le Févre, and Rao (1959) on solutions 
in carbon tetrachloride is 0-230;,), (bE =o) appears as 0-234. Insertion of this 
value in equation (2) gives (veo) as 1737-5 em if reeo is 1-22, A, whilst the v 
of 1719 cm-! recorded for acetone in carbon tetrachloride requires an 7c~9 of 
1-23,,;A; both these are within the limits 1-22-+0-03 (quoted in Chem. Soc. 
Spec. Publ., No. 11, 1958, M 150); the larger rg—o has been used in calculating 
Q=(1/ré-0)(b;°/M)* from the apparent longitudinal polarizabilities of the 
C=O group in the solutions, these in turn being obtained via (1) as 0-234b%/b§. 


* Manuscript received December 13, 1960. 
+ School of Chemistry, University of Sydney. 
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Results are in Table 1 (4th column). In an attempt to improve the v’s 
forecast for the more polar solvents, equation (1) has been modified to equations 
(1a) or (1b) respectively by substituting (n*—1)/(n?+2) by (e—1)/(e+2) or by 


— 


(¢—1)/(2¢+1); columns 5 and 6 show the effects of such changes. (Refractive 
indexes and dielectric constants are from Timmermans 1950, or Maryott and 
Smith 1951.) 


TABLE 1 


CALCULATED AND OBSERVED CARBONYL STRETCHING FREQUENCIES FOR ACETONE IN 28 SOLVENTS 





Solvent np e255 Yo:9 Via (1) ve- 9 via ( 1a) vo: 0 Via (16)| (ve—0)Sobs. 
n-C,H,, -o | 1-3722 1-882 1720 1721 1723 1723-5 
Cyclo-C,H,, 1 - 4236 2-015 1720 1720 1722 1723 
Et,0 1 +3527 4-235 1721 1710 1717-5 1721 
(n-C,H,),O 1-3935 3-06 1720 1715 1719 172] 
Et,N 1-3983 2-42 1720 1718 1720 1720 
C,Cl, 1-5002 2-30 1718 1918-5 1721 1720 
CCl, 1-4575 2-227 1719 1719 172] 1719 
C,H,;Me 1-4940, 2-379 1718 1718 1721 1719 
1,2,4-C,H,Me,| 1-5025 2-42 (17°) 1718 1718 1720 1719 
CS, .. 1-6243 2-6246 1716 1716-5 1720 1717-5 
C,H, 11-4973 2-2725 1718 1718 1721 1717 
Dioxan 1-4202 2-209 1719 1719 1721 1715-5 
Mel ‘ 1-5285 6-86 1718 1705 1715 1715 
MeCN .% 1-3415; | 36-7 1721 1696 1712 1715 
Me,CO .. | 1°3566 20-70 1721 1698 1712 1714-5 
C,H,Cl, 1-4425 | 10-36 1719 1702 1714 1714 
C;H;N 1-5074 12-01 1718 1701 1710 1713 
C,H,Br, 1-5358 4-78 1718 1709 1715 1713 
CH,Cl, 1-4216 8-90 1720 1703 1714 1713 
MeNO, 1-3794 36-67 | 1720 1696 1712 1712 
CHCl, 1- 4430 4-724 1719 1709 1716 1712 
CH,Br, 1-5370 7°23 1718 1704 1715 1711 
C,H,Cl, 1-4917 8-20(20°) | 1718 1704 1714 1709 
CHBr, 1-5949 4-337 1716 1710 1717 1708 
CH,I, 1-7379 5-32 1713 1708 1716 1707 
Pyrrole 1-503 7-48(18°) | 1718 1705 1715 1706 
C,H,NH, 1-584 6-77 1717 1704 1714 1703 
MeOH ... |_1-3267 | 32-63 | 1721 1696 1712 fe ” 

1708 








To cover adequately the observed 28 frequencies, the equations need to yield 
predictions ranging from 1723-5 to 1703 em-!, or—if the three solvents (pyrrole, 
aniline, and methanol) be excepted, in which H-bonding with C=O may occur— 
from 1723-5 to 1707 em-!. Equation (1) is seen to provide a range over the 
remaining 25 cases which is insufficient, and (1a) one which is excessive. Equation 
(1b) fits the experimental data best, the algebraic sums of Vzatc.—vops. being 
+73-5 for (1), —146 for (ia), and +42 cm-* for (1b). With (1b), agreement 
is worst with CHBr, and CH,I, ; incipient compound formation between acetone 
and chloroform or bromoform, as suspected by Glasstone (1937) during dielectric 


Il 
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polarization measurements, are possibly responsible for the low vops,. However, 
it is a consequence of the present treatment that veo should shift with concen- 
tration, aS ¢,, varies, and (vco)’ properly requires an extrapolation to infinite 
dilution. Between different observers (Hartwell, Richards, and Thompson 
1948; Bayliss, Cole, and Little 1955; Bellamy and Williams 1959), differences 
of 4-6 em-! are sometimes found. Equation (1b) will be tested on other solute 
ketones when their principal polarizabilities become available. 
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THE STRETCHING FREQUENCY OF THE —N=N~— GROUP* 
By R. J. W. Le Févre,t M. F. O’Dwyer,t and R. L. Wernert 


Our search for the stretching frequency of the azo-groups, presented in five 
papers to this Journal (Le Févre, O’Dwyer, and Werner 1953 ; Le Févre, Sousa, 
and Werner 1956; LeFevre et al. 1957; Le Févre and Werner 1957: and 
Le Fevre et al. 1958) and covering about 90 N=N containing molecules, led to the 
conclusion that vy;~ lies between 1400 and 1450 cm-! in the simpler azoaryls. 
This has recently been confirmed by Kiibler, Liittke, and Weckherlin (1960) 
by comparing the spectra of five pairs of compounds related as R—“N=“N —R 
and R—“N='N—R. The —N: N— frequencies thus identified agree satis- 
factorily with those noted by us in the following table : 














Kiibler, Liittke, 
and Weckherlin Sydney Group 
Molecule (1960) (Nujol mulls) 
(KBr disks) (em) 
(em-*) 
cis-Azobenzene a 7" . 1511 1508 
p-Amino-trans-azobenzene . . i 1418 1412 
p-Dimethylaminoazobenzene . 1410 1412 (for p-N-MeEt-azo- 
benzene) 
p-Hydroxyazobenzene - oe 1416 1419 
‘ . 1400 
Diazoaminobenzene a a 1416 { 1432 
Ag derivative of diazoaminobenzene 1362 1358 











Recognizing that vy.» should decrease from cis-azobenzene to the more 
conjugated trans-isomer, vy : n in the latter can be accepted as 1442 em-—, indicated 
by the Raman displacements listed by Stammreich (1950). 


The —N=N— Frequency in Aliphatic Azo-Compounds 

There remains the question: what is yyy in the absence of conjugation ? 
It would probably be higher than 1511 cm~ and might in fact correspond to the 
absorption at 1576 em-!, noted by West and Killingsworth (1938) in the Raman, 
but not the infrared, spectrum of azomethane, and which was assigned by 
Herzberg (1945) to vy: yx. On this basis the transparency of azomethane in the 
infrared region between 1500 and 1600 cm-' is due to the centro-symmetry of 
the molecule. 

* Manuscript received December 23, 1960. 


+ School of Chemistry, University of Sydney. 
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Accordingly, the unsymmetrical methyl isopropyldi-imide, Me.N : N.CHMe,, 
has been investigated ; as a eee film it absorbs at 1574 cm-! (Table 1, 3rd 
col.). Azoisopropane, Me,CH.N : N.CHMe,, which displays a very weak infra- 
red absorption at 1572 cm~', gives a relatively strong Raman displacement, 
recorded by our equipment at 1565 cm~-! (Table 1, cols. 4 and 5). 


TABLE | 
INFRARED BANDS AND RAMAN DISPLACEMENTS (AS CM~!) 























Me.N=N.Me Me.N=N.Pr® Pr°.N =N.Prf 
Infrared* Raman* Infrared Infrared Raman 
283(3) 
548(w) 520(3) 
594(s) 
700 
730 
811(m) 887(4) 
922(m) 924(w) 925(m) 918(3) 
{ 955(w) { 938(m) 954(2) 
981(m) 
1013(s) 1023(w) 1052 1094(m) 
1110(s) 1126(s 1126(s) 1107(2) 
{ 1164 { 1159(s) 
1182(m) 1186(w) 1218(w) 
1311(s) 1319s) |  1326(5) 
1376(s) 1366(s) 1368(s) } 
1381(s) (aan } 
1430(vs) 14 aot 
1442(vs) 1442( 1447(s) 
tho 1467(s) 1456(10) 
1576(m) 1574(w) 1572(vw) 1565(6) 
1722(vw) 1724(w) | 
1922(w) 
2189(m) 
2391(m) 
2596(m) 
2733(w) 
2854(w) | 
2914(vs) 2896(vs) 2880(vs) | 
2985(s) 2960(vs) 2943(vs) 











* From West and Killingsworth (1938). 


Discussion 

Unpublished measurements show these aliphatic azo-derivatives to be non- 
polar, i.e. to contain trans-azo-groups. Out of an infinitude of configurations of 
the isopropyl radicals in Me,CH.N : N.CHMe,, only one will have a centre, and 
only two a plane, of symmetry; the very weak infrared absorption of this 
compound is therefore understandable. The four features, at 1576, 1574, 1572, 
and 1565 em-!, thus show vy; y to lie between 1565 and 1576 em-!. 
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Le Févre, O’Dwyer, and Werner (1953) attempted to forecast vy.y by 
certain empirical equations then in the literature. Since then, another has 
emerged in effect, since the longitudinal polarizability of a bond appears to be con- 
nected both with its stretching frequency (Le Févre 1959) and its length (Le Févre 
1958). Using ry_jn=1-45 A and ry: y=1-24A as the inter-centre separations 
of N—N and N=N respectively (from MeNH-NHMe and Me.N : N.Me, M 140 
and M 137 in Chem. Soc. Spec. Publ. No. 11, 1958), the longitudinal polarizability 
of N=N is 0-213 x 10-*3 and vy. y follows as 1629cm~-!. The relationships are 
sensitive to changes in 7, as the following comparisons show : 


—_— 1-45 1-44 1-45 1-44 
Reo ss .. 1°24 1-24 1-23 1-25 
1023p) = .. 0-213 0-204 0-219 0-198 
v(em-' eale.) ..1629 1600 1678 1554 


We note, however, that the two lengths are quoted in the source cited as 
1-45+0-03 and 1-24+0-05; the lower vy.y in azobenzene can easily be pre- 
dicted from r’s well within these limits. 


Materials 

These were prepared by oxidation of the corresponding hydrazines by 
methods described by Ramsperger (1927, 1929) and Lochte, Noyes, and Bailey 
(1921, 1922). 
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HYDROGEN BONDING IN ORGANIC COMPOUNDS* 


Ill. THE EQUILIBRIUM CONSTANT FOR THE DIMERIZATION OF N-METHYLMETHANE 
SULPHONAMIDET 


By A. N. HAMBLy{ and R. H. LABY§ 


During an investigation of the infrared spectra of organic sulphonamides 
and related compounds we made some observations of the spectrum of V-methyl- 
methane sulphonamide in dilute carbon tetrachloride solution. The compound 
showed absorption bands at 3404 and 3300 em~-! which varied in relative intensity, 
when the concentration of the solution was changed, in a manner characteristic 
of a monomer-dimer equilibrium. The broader, lower frequency band that is 
characteristic of the dimer had a symmetrical contour, indicating that only a 
single species was involved. This we assume to have the formula (I). 


CH 
O ae i 
\ 7 Sit aiate CH 
a Oe S 
H;3C NH wo +--+ o7 Xo 
H.C 
(I) 


The sample of N-methylmethane sulphonamide was prepared in 80°% yield 
by the condensation of methylamine with methane sulphony! chloride in ether 
solution at 0 °C (Baxter, Cymerman-Craig, and Willis 1955). It was purified 
by distillation, b.p. 162 °C, at 15mm. The hygroscopic substance was stored 
over phosphorus pentoxide for several weeks and then solutions were made up 
in spectroscopic grade carbon tetrachloride just before the spectra were recorded. 

The absorption bands were scanned with a Perkin Elmer 112, single-beam, 
double-pass, infrared spectrometer, fitted with a calcium fluoride prism, at the 
rate of 0-68 em- sec! for the monomer band and 0-62 cm~? sec! for the dimer 
band. Allowance for convergence of the beam through the specimen was shown 
to introduce a correction of about 0-3%. The computed (cm-!) spectral slit- 
widths were 5:7 at 3400 em- and 5-1 at 3300 em-!. The integrated band areas 
were calculated by the “ triangular slit function ’’ method of Ramsay (1952) 
which assumes that the contour of the absorption band is a Lorentz curve. The 
measurements are summarized in Table 1. 


* Manuscript received November 7, 1960. 

+ The experimental measurements were made in the Chemistry Laboratories of the University 
of Melbourne. 

¢ Chemistry Department, University of Melbourne ; present address 


: Chemistry Department, 
Australian National University, Canberra, A.C.T. 


§ Chemistry Department, University of Melbourne; present address: Waite Agricultural 
Research Institute, Adelaide, S.A. 
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TABLE | 
—_|— ' = tig oc a tient Se ee 
Soln. nasane Coll In (7'o/T max. or a 
No. | Concentration* | Thickness v3 
(mole |-") (cm) minta A Mikas US . aioe Tae 
Monomer Dimer | Monomer Dimer 
1 | 2-693x10-= | 0-268 0-431 0-610 | 25-2 83-4 
2 | 1-077x 10-* 0-550 0-503 0-341 | 24-3 75-0 
3 5-386 x 10-3 1-00 0-539 0-211 | 25-7 73-8 
4 1-346 x 10-9 4-00 0-628 0-078 | 24-3 64-9 
5 | 6-73x10- | 4-00 0-330 | 24-8 . 
| ° ° : } 
6 1-966 x 10-2 0-400 0-538 0-622 | 26-6 80-8 
7 9-83 x10 | 1-00 0-759 0-447 | 26-5 77-4 
507 0-165 = | 25-8 71-2 


s | 4-914 10-° 1-00 0+! 





* Solutions 2-5 were prepared by quantitative dilution of solution 1, and solutions 7, 8 by 
quantitative dilution of solution 6. 


In computing the value of the equilibrium constant, it was first assumed 
that there was no appreciable concentration of dimer present in the 6-73 x 10-4m 
solution 5 so that the apparent integrated absorption intensity for the monomer 
could be calculated as 4-7, x 10% mole-! 1 em? from the absorption coefficient of 
this solution. From this the concentrations of monomer, C,,, in the other solutions 
were found and then the concentration of the dimer, C,, calculated as half the 
difference between the total concentration and the concentration of the monomer. 
A graph of log C,, v. log C, showed all but two of the results grouped about a line 
of slope 2, the slope characteristic of a monomer-dimer equilibrium. These two 
results (solutions 3 and 8) were disregarded in equilibrium constant calculations. 


The mean value of the equilibrium constant 
K=C,/Cx, 


deduced from the remaining observations (3-3 x10! moles 1-!) was then used 
to give an improved value of the monomer concentration in solution 5 and the 
calculations repeated. One further stage of approximation gave 


K=4-06 +0-39 x 10! 1 mole-!, 


A similar treatment of the results of Baxter, Cymerman-Craig, and Willis 
(1955) for N-phenylmethane sulphonamide gives the equilibrium constant for 
dimerization of that substance as 2-08,+0-087 x10?1 mole! compared with 
the value of 2-18 x 10? that they found by a different treatment of their observa- 
tions. The approximately fivefold higher value of the equilibrium constant 
of the N-phenyl compared to the N-methyl derivative corresponds to almost 
1 keal difference in their standard free energies of dimerization. It is correlated 
with a difference of 125 cm~-! between the monomer and dimer NH frequencies for 
the phenyl derivative compared to a corresponding difference of 104 cm~ for 
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the methyl derivative. The acidity of the N—-H group in the phenyl compound 
is expected to be greater than that of the methyl compound so that its donor 
action in the formation of hydrogen bonds would be enhanced. 


The monomer concentrations found when using the final value of the 
equilibrium constant gave the integrated absorption intensity 
| £ b 


A ,,=4:-94+0-17 x10 mole 1 cm?. 


The large standard deviation, which is probably due to the fact that actual 
absorption curves do not correspond to the Lorentz function (Flynn, Werner, 
and Graham 1959; ef. Rank et al. 1960), and to a slight extension of a wing of 
the dimer band below the monomer band, does not warrant any attempt to 
extrapolate to infinite dilution. A similar treatment of the dimer concentrations 
and absorptions gives the integrated absorption intensity 


Ay=3-69 +0-47 x 104 mole 1 em?. 


The sevenfold increase in intensity of absorption for the dimer, compared 
to the monomer, corresponds to an increase in polarity in the NH bond produced 
by formation of a hydrogen bond of moderate strength. 
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KAMLOLENIC ACID FROM THE SEED FATS OF 
MALLOTUS DISCOLOR AND M. CLAOXYLOIDES* 


By H. H. Hatty and A. H. REDCLIFFET 


The seed fat of Mallotus philippinensis Muell. Arg. (Euphorbiaceae), a 
tree native to south-east Asia, is remarkable in that it contains «-kamlolenic 
acid (18-hydroxyoctadeca-cis-9,trans-11,trans-13-trienoic acid) (Aggarwal et al. 
1948; Gupta, Sharma, and Aggarwal 1951; Calderwood and Gunstone 1953 ; 
Crombie and Tayler 1954). The tree is also a native of northern New South 
Wales and coastal Queensland, and Hancox and Hatt (1955) found that the seed 
fat (‘‘kamala oil’) from Australian material was comparable with that from 
Indian seed and contained from 47 to 60% of kamlolenic acid. 

Recently, Toyama and Takai (1955) reported the presence of the acid in the 
seed fat of M. japonicus Muell. Arg., and stated that the amount present: there 
seemed to be less than in kamala oil. We have since isolated kamlolenic acid 
from the seed fats of two other species native to Australia, M. discolor F. v. M. 
and M. claowyloides Muell. Arg. From spectroscopic examination the seed fats 
from M. discolor and M. claoxyloides were estimated to contain 70 and 65°, 
respectively of a«-kamlolenic acid. 

The seeds of M. discolor were smaller than those of M. philippinensis. 
Only one small sample of seeds of M. claoxyloides was available and it may not 
have been representative, but by contrast these seeds were much larger. Their 
kernels contained some 50% fat (see Experimental). 

The fact that M. claoxyloides is a shrub and has much larger fruits than 
either of the other two Mallotus species makes it of interest as a possible source of 
kamlolenic acid. 


Experimental 

(a) General.—Microanalyses were made by the C.S.I.R.O. and University of Melbourne Micro- 
analytical Laboratory. 

(b) Identification of Kamlolenic Acid.—One sample of M. claoxyloides fruit was collected at 
Brookfield, N.S.W., in February 1956 and two samples of ./. discolor fruit from the Queensland 
south coast area in January 1956. They were examined a few weeks after collection. 

The kernels were gently crushed and extracted with ether in the presence of nitrogen and with 
the exclusion of light. After evaporation of the ether, samples of the fat (3 g) were saponified by 
standing with ethanolic KOH (5%; 100ml) for 24 hr at room temperature with occasional 
shaking. The mixture was then warmed slightly and extracted with light petroleum (b.p. 
40-60 °C) to remove any unsaponifiable material. Following removal of the alcohol by distillation 
(under nitrogen), acidification with dil. H,SO, and extraction with ether, the dried, filtered, ether 
extract was allowed to stand at 0 °C until the kamlolenic acid had crystallized from solution. It 
was recrystallized once from ether. 


* Manuscript received December 22, 1960. 
+ C.S.I.R.O. Chemical Research Laboratories, Melbourne. 
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Hydrogenation.—The acid (140 mg) was hydrogenated in methyl acetate with platinum oxide 
as catalyst. When absorption of gas had ceased the catalyst was filtered off and washed with hot 
methyl acetate. Hydrogenation of the acids from both Mallotus species gave 18-hydroxystearic 
acid, m.p. 98-99 °C (crystallized from methyl acetate). 

The p-bromophenacy] esters of the unsaturated acids were prepared in the usual manner and 
recrystallized once from ethanol. 

The analytical results and other data obtained from the examination of the kamlolenic 
acid from both species were identical within the limits of experimental error and hence only those 
for M. claoxyloides are reported below. 

Melting point 75-76 °C (lit. 77-78 °C) (Found: C, 73-7; H, 10-2%. Cale. for C,gH 90; : 
C, 73-5; H, 10-3%). Moles of hydrogen absorbed per mole of acid, 3-1. 

p-Bromophenacy] ester, m.p. 85-86 °C (lit. 86 °C) (Found: Br, 16-3%. Cale. for C,,H;,0,Br : 
Br, 16-3%). 

The acid in ethanol showed maxima: Amax, 260 my (e. 39-4 x 108); 270 my (e, 51-9 x 10%) ; 
281 mu (e, 40-7 x 10%) (lit. Amax, 261 my) (e, 40-5 10%); 271 my (e, 52-0 108); 282 my 
(c, 42-0 103). 

(c) The Estimation of «-Kamlolenic Acid in the Seed Fat.—The method of determining the 
#-kamlolenic acid was the same as that used previously (Hancox and Hatt 1955) and is based 


oO, 
on the strong absorption shown by the acid in carbon tetrachloride (E} em: 1420) at 274 mu. 


These results, together with other analytical data, are presented in the following table : 


| M. discolor 
M. claoxyloides 


Sample I | Sample II 


= | - 
Percentage fat in kernels .. én 57-3 48-6 53°8 
Percentage kamlolenic acid in fat | 70-8 | 69-8 65-4 
Iodine value (Wijs; 2hr) .. os 171 168 166 
ny) e a? a Ve eM 1-5260 | 1 +5250 1-5210 
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THE DIBASIC ACIDS OF JAPAN WAX* 
By J. A. LAMBERTONT 


Japan wax from the berries of Rhus succedanea L. (Anacardiaceae) is available 
commercially and has been the subject of many chemical studies. Tsujimoto 
(1935) has shown that it consists of glycerides in which the glycerol is esterified 
with palmitic acid (77°%,); stearic and arachidic acid (5°); oleic acid (12%) ; 
linoleic acid (1%); and dibasic acids (6°). An unusual feature of the wax is the 
presence of dibasic acids which belong to the normal series HOOC.(CH,),.COOH 
and confer toughness and plasticity on the wax. 

The dibasic acids, “‘ japanie acid ’’, were first reported (Eberhardt 1888) 
to be C,,H;,(COOH), and later by Geitel and van der Want (1900) as 
CyHy(COOH),. Tsujimoto (1931a, 1931b) considered them to be a mixture of 
the homologues C,,H,.(COOH), and ©, H,(COOH),. Ruzicka, Stoll, and 
Schinz (1928) accepted the formula C,,H,,(COOH), for “‘ japanic acid” and 
described the cyclic ketone obtained by heating its thallium salt as cycloeico- 
sanone. More recent work suggested that the dibasic acids are of even-carbon 
number ; by fractionation Siina (1940) isolated a component which he identified 
as n-eicosanedicarboxylie acid, HOOC.(CH,)..COOH, and inferred that other 
fractions consisted of this acid and n-octadecanedicarboxylic acid. Similar 
conclusions were reached by Kurita and Kato (1952), who reported that after 
fractional crystallization the dibasic acids consist mostly of C,.H,.0,, and that 
a dibasic acid of lower molecular weight is also present. 

In the present investigation the dibasic acids isolated from a commercial 
sample of Japan wax were converted into a mixture of hydrocarbons by the 
reaction sequence : acids—>dimethy] esters—diols—di-iodides—-hydrocarbons. <A 
gas chromatographic examination of the hydrocarbons obtained in this way shows 
conclusively that the dibasic acids are a mixture in which the Cy) and C,, acids 
predominate, but that the C,,, C,,, C.,, and C,, acids also occur together with 
traces of Cy, C.,, and C,,. These results suggest that the japanic acid of the 
earlier literature was essentially a mixture of C,, and C,, dibasic acids, the relative 
proportions of which might be expected to vary according to the amount of 
purification to which it had been subjected. It seems certain that the supposed 
C,, acid of Ruzicka, Stoll, and Schinz (1928) was such a mixture, and that the 
cyclic ketone prepared from its thallium salt was a mixture of the C,, and C,, 
ketones. The percentage composition of the dibasic acids is shown in Table 1. 


Experimental 

The dibasic acids, melting over the range from 102-110 °C, were separated from a commercial 
sample of Japan wax in 5-8% yield using the procedure described by Tsujimoto (193la, 1931d). 
They were only very sparingly soluble in light petroleum and consequently were twice heated 


* Manuscript received January 16, 1961. 
+ Division of Organic Chemistry, C.S.I.R.O. Chemical Research Laboratories, Melbourne. 
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with this solvent and filtered at room temperature to ensure complete removal of palmitic and 
other fatty acids. The dibasic acids were converted into their dimethyl esters (m.p. 50-53 °C) 
by refluxing with methanol—benzene (1: 1) containing H,SO, (1%). Reduction of the dimethyl 
esters with lithium aluminium hydride gave diols, m.p. 95-97 °C, which were converted into 





hydrocarbons by methods which have been described previously (Downing, Kranz, and Murray 


TABLE 1 


PERCENTAGE COMPOSITION OF THE DIBASIC AcIDS HOOC.(CH,),.COOH 


Carbon Number | Weight | Carbon Number Weight 
of Chain (0) of Chain (9) ‘ 
(n+ 2) | ™ (n+2) ws 
16 1-2 22 53+5 
18 4-0 | 23 0-4 
19 Trace | 24 3°5 
20 35-5 | 25 Not detected 
21 0-7 | 26 1-2 


1960; Kranz et a/. 1960), The conditions used in the gas chromatographic separations and the 
basis for identification of the hydrocarbons have been fully described in the papers cited immedi- 
ately above. Gas chromatograms were run with pure C,, and C,, n-hydrocarbons for comparison, 


and when the retention times of the members listed in Table 1 were plotted on a log scale against 





the carbon number a straight line resulted, consistent with the behaviour of members of an 


homologous series. 


The author is grateful to Mr. K. E. Murray for providing the facilities for 
gas chromatography and to Mr. Z. H. Kranz for carrying out the gas chromato- 
graphic analyses. 
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THE TRITERPENES OF CHONDRILLA JUNCEA* 
By C. S. BARNESt 


By repeated crystallization of the saponified latex of Chondrilla juncea, 
Soler and Cambronero (1954; see also Cambronero 1953) isolated a substance 
which they named chundristerol, and regarded as a sterol because of its colour 
reactions. It had an empirical formula C,,H,,O and contained one unreducible 
double bond with a secondary hydroxyl in such a position that oxidation gave a 
conjugated ketone in poor yield. Two formulae were considered, one being a 
6- and the other a 16-hydroxy-A®"*)-sieroid. Each is remarkable through the 
absence of a 3-hydroxy group and the presence of a 5-carbon atom side chain at 
the 17-position. The molecular rotation differences between chundristerol and 
its derivatives are inconsistent with any of the known steroid or triterpenoid 
systems. 

We were able to make an examination of C. juncea through the kindness 
of Dr. C. C. J. Culvenor, who provided a light petroleum extract of the methanol- 
soluble portion of the dried plant, and later with the dried plant itself. Repeated 
crystallization from ethanol of the light petroleum extract gave a small yield of 
crystals of constant melting point, called substance C and characterized as 
shown in Table 1. The melting points of this compound and its derivatives 
were variable with conditions, but in open tubes were approximately in agreement 
with those reported for chundristerol. The rotations, however, and the analyses 
when done on anhydrous samples, differ widely from those recorded for 
chundristerol. 

When the methanol extract of the whole dried plant was saponified, a small 
yield of another compound called substance A was isolated through its insolubility 
in ether. The ether-soluble material was acetylated, and by repeated chromato- 
graphy the acetate of a new compound, substance B, was isolated, as well as the 
acetate of substance C. Substances B and C were separable as the acetates only 
with difficulty and with poor recovery. They had no selective absorption in the 
ultraviolet, were unsaturated to tetranitromethane, and analysed as isomeric 
monohydroxytriterpenes. From Table 1 it seems likely that one of them is 
)-taraxasterol. C. juncea is a member of the family Compositae in which this 
triterpene commonly occurs. 

Substance A appeared to be a heavily oxygenated steroid triol with a 
composition approximating to C,,H,,0;. It gave a positive Lieberman-Burchard 
reaction, was unsaturated to tetranitromethane, and formed triesters. The 
infrared absorption spectrum of the alcohol showed no carbonyl bands, while the 


* Manuscript received October 4, 1960. 
+ Division of Organic Chemistry, C.S.I.R.O. Chemical Research Laboratories, Melbourne. 
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Hence 


acetate showed no hydroxyl or sapogenin absorption (Wall et al. 1952). 
substance A has only acetylatable hydroxyls and no carbonyl] or carboxyl groups. 


The nature of the two non-hydroxylic oxygens is not known. 














‘ 
TABLE | 
PHYSICAL CONSTANTS OF SUBSTANCES ISOLATED FROM CHONDRILLA JUNCEA 
Melting 
Compound Point [x }p Leference 
(°C) | | 
—_ _ _ —_— | —_—$<—————$ $s | J SE ——$$———_—— ( 
Chundristerol acs = 215-216 +82 ; 
Acetate - es 234-236 L85 Cambronero (1953) 
Benzoate ae oo | 270-271 56 
| 
Substance A a a 308-309 - 
; } . ee ra . ‘ 
Triacetate .. a 169-170 17 Experimental 
Tribenzoate .. as 199-200 | +14 
| | 
| 
Substance B | 
Acetate a so 4 250-252 +95 al 2 
‘ f ie | > Experimental 
Benzoate .. - 260-262 +55 Lf 
sul cS | 222-224 +49 Experimental 
Substance C oe aw i 212-218* 
| 
245-247 +52 Experimental 
Acetate - — 998-934* | 
B ‘ 292-294 +73 Experimental 
enzoate és - 
| 271-—278* 
| 
! Taraxaster 990H_99 x 
-Taraxasterol .. <—- 220-221 +50 
Y tee ae Simonsen and Ross 
Acetate sdb oe 246-247 +53 (1957) 
| vod 
Benzoate gi of 288-289 | +68 


* Open tube. 


Experimental 

(a) General.—Melting points are corrected and taken in evacuated sealed tubes unless other- 
wise stated. Rotations were measured at 1-2% concentration in chloroform solution at 20+ 2 °C 
in a 1dm tube. Ultraviolet absorption spectra were taken in ethanol solution, and infrared 
spectra in Nujol mull or CS, solution. 


(b) Isolation and Characterization of Substances A, B, and C.—Air-dried C. juncea (11 lb) 
was extracted with hot methanol to give soluble material (70 g) which was saponified with ethanolic 
KOH. Extraction with ether gave substance A as an insoluble white powder (1-5 g), m.p. 
308-309 °C (285-288 °C open tube). For analysis this was dried by dissolving in toluene, con- 
centrating and cooling (Found: C, 72-1; H, 10-3%. Cale. for C,,H,,0,: C, 72-4; H, 10-4%). 
Acetylation with acetic anhydride—pyridine at 100°C gave substance A triacetate, crystallizing 
from chloroform—methanol, m.p. 169-170 °C, [«]p —17° (Found: C, 69-4, 69-2; H, 9-3, 9-2%. 
Cale. for C;,H;,0,: C, 69-1; H, 9-2%). Benzoylation with benzoyl chloride—pyridine gave 


substance A tribenzoate, crystallizing from chloroform—methanol, m.p. 199-200 °C, [a]p +14°, 
Amax, 230 mu (¢ 44,000 (Found: C, 75-9; H, 7-8%. Cale. for CyHoO,: C, 75-7; H, 7-8%). 
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The ether-soluble extract was acetylated (acetic anhydride—pyridine at 100 °C), and one half 
was chromatographed over alumina. Elution with light petroleum gave six fractions, Nos. 2, 3, 
and 4 of which were combined (10 g) and rechromatographed (20 fractions). Some of the material 
(2 g) eluted by light petroleum was sublimed and recrystallized to constant m.p. from chloroform 
methanol to give substance B acetate, m.p. 250-252 °C, [a]p +95° (Found: C, 82-2; H, 11-3%. 
Cale. for C,.H;,0,: C, 82-0; H, 11-2%). A portion (50 mg) of the acetate was hydrolysed by 
refluxing methanolic KOH (5 ml; 40%), and benzoylated (benzoyl chloride—pyridine at 100 °C) 
to give substance B benzoate, m.p. 260-262 °C, [a]p +55° (Found: C, 83-8; H, 10-3%. Cale. 
for C;,H,;,0,: C, 83-7; H, 10-2%). 

Fraction 10 (1-1 g) of the original chromatogram was sublimed and recrystallized from 
chloroform—methanol to give substance C acetate, m.p. 245-247 °C, [a Ip +52° (Found: C, 82-3; 
H, 11-1%. Cale. for C;,H;,0,: C, 82-0; H, 11-2%). Hydrolysis (refluxing methanolic KOH) 
and recrystallization from ethanol gave substance C, m.p. 222-224 °C, [a]p +49°, having identical 
m.p. and mixed m.p. with that isolated by direct crystallization of the total extract (Found 
(after crystallizing from chloroform-—light petroleum): C, 84-7; H, 11-8%. Cale. for C,,H,,O0 : 
C, 84-4; H, 11-8%). Benzoylation with benzoyl chloride—pyridine (100°C) gave substance C 
benzoate, m.p. 292-294 °C, [a]p +73° (Found: C, 83-8; H, 10-2%. Cale. for C,,H,,0, : 
C, 83-7; H, 10-2%). 

In open tubes substance C and its derivatives showed wide melting ranges considerably below 


the sharp melting points observed in evacuated sealed tubes. Both are shown in Table 1. 
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